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PREFACE. 


THIS  book  has  been  written  for  the  purpose  of  supplying  a 
descriptive  and  critical  analysis  of  the  Machinery  exhibited 
at  South  Kensington  in  18G2.  The  descriptive  particulars  are, 
for  the  most  part,  based  upon  the  observations  of  the  Author, 
who,  as  Superintendent  of  the  Machinery  Department,  had  frequent 
opportunities  of  examining  the  machinery.  In  addition,  he  has 
availed  himself  of  the  co-operation  of  Exhibitors  in  verifying  and 
authenticating  the  descriptive  matter  of  this  Work,  to  whom,  in  the 
majority  of  instances,  proofs  have  for  that  purpose  been  submitted. 
These  gentlemen  have  willingly  responded  to  the  Author's  applica- 
tions, and  ho  embraces  this  opportunity  of  acknowledging  their 
courtesy.  Upwards  of  eleven  hundred  machines  and  portions  of 
machines  have  thus  been  accurately  noticed,  or  described  in  detail : 
constituting  a  compact  Cyclopaedia  of  Machinery,  valuable  as  a  text- 
book for  students,  and  as  a  work  of  reference  for  engineers. 

In  the  arrangement  of  this  Work,  the  Author  has,  in  general, 
followed  the  classification  of  machinery  adopted  by  Her  Majesty's 
Commissioners  for  the  International  Exhibition,  and  comprehended 
in  the  Official  Industrial  Catalogue. 

Part  I.,  on  Railway  Plant,  embraces  the  contents  of  what 
has  been  known  as  Class  5. 

Part  II.,  on  the  Machinery  for  Manufacturing  Textile  Fabrics, 
embodies  the  contents  of  Class  7a. 

Part  III.,  on  the  Manufacturing  Machines  and  Tools  for  Working 
in  Iron,  Wood,  and  other  Materials,  relates  to  the  contents  of  Class  7b. 
Part  IV.,  on  Machinery  in  General,  to  the  contents  of  Class  8. 
With  every  disposition  to  compress  the  matter  of  this  volume 
within  smaller  limits,  it  has,  nevertheless,  been  extended  to  nearly  one 
half  more  than  the  space  originally  assigned  for  it ;  as  it  was  found 
that  those  limits  could  not  be  observed  without  injuriously  curtailing 
the  book.  In  fact,  tho  volume  might  easily  and  profitably  have  been 
extended  to  double  the  size. 
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PREFACE. 


Though  the  Author  does  not  hope  to  satisfy  everybody,  he  has 
endeavoured,  to  the  best  of  his  ability,  to  do  honour  where  honour 
is  duo ;  and,  whilst  he  has  avoided  needless  commentary,  he  has  given 
prominence  to  the  more  remarkable  works  exhibited,  in  defining  the 
courso  of  improvement. 

The  Woodcuts  and  Plate-engravings  will  be  found  of  great  utility 
in  illustrating  the  text.  The  Plan  of  the  Western  Annex  shows  the 
arrangement  of  the  Machinery  Department,  as  prepared  and  carried 
out  by  the  Author  for  Her  Majesty's  Commissioners :  it  will  possess 
considerable  interest,  particularly  for  those  who  were  identified  or 
associated  with  that  Department.  The  drawing  from  which  the  plan 
has  been  reduced,  was  carefully  made  for  the  Author  by  Mr.  John 
Cundy,  Deputy-superintendent  of  the  Annex.  A  number  of  machines 
were  drafted  to  the  Eastern  Annex,  for  want  of  space  in  the  Western, 
which  accounts  for  the  absence  of  those  machines  from  the  plan. 

Whilst  the  arrangements  for  unloading  the  machinery  on  its 
arrival,  and  for  delivering  it  at  the  Western  Annex,  were  ably  matured 
by  Mr.  R.  A.  Thompson,  the  system  of  distributing  and  delivering 
the  goods  at  the  respective  stations  within  the  Annex,  by  the  agency 
of  steam-power,  was  organized  by  the  Author.  For  these  objects,  lines 
of  rails  were  laid  down  in  the  main  thoroughfares,  on  which  the 
machinery  was  conveyed  upon  trucks  to  eveiy  part  of  the  Annex. 
Special  acknowledgments  are  due  to  Messrs.  Manning,  Wardle,  &  Co. 
for  their  permission  to  employ  the  tank-locomotive,  sent  by  them  for 
exhibition,  in  moving  the  trucks ;  to  Messrs.  Alexander  Chaplin  &  Co. 
for  the  free  service  of  a  couple  of  their  portablo  steam-cranes  within 
the  Annex ;  to  Messrs.  Bowser  &  Cameron  for  the  free  use  of  their 
moveable  derrick-crane ;  and  to  Messrs.  Thomas  Dunn  &  Co.  for  the 
use  of  their  surface-turntables  and  engine-traversers.  In  speaking  of 
tho  use  of  steam-power,  it  may  be  added  that  Bray's  traction-engine 
was  busily  and  successfully  at  work  in  conveying  tho  heavy  machinery 
from  the  docks  and  the  railway  termini  to  the  Exhibition. 

D.  K.  CLARK. 

11,  Adam  Stheet,  Adelhu,  London,  W.C. 
March  31,  18G4. 
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Chapter  I.  Historical  Account  op  the  Calico 
Loom,  p.  84. — Definition  of  Weaving,  Invention  of 
the  Fly  .shuttle  by  John  Kay,  the  Friction  Pace,  84; 
I  ii  vent  ion  of  the  Power-loom  by  Cartwright  and  by 
JellVay  ;  tin-  I'roteetpr,  anil  the  Taking-iip  Motion, 
by  Millar,  85;  Incrensod  Production  of  the  Power- 
loom  ;  tho  Wiper  by  Millar  ;  the  Crank  by  Horrocks ; 
Dressing,  Sizing,  the  Slasher ;  their  Advantage*.  86. 
Hands  and  Fingers,  by  Ramsbottom  A  Holt ;  Detec- 
tor, by  Kenworthy  A  Bnllongh  ;  the  Loose  Reed,  by 
Bullough,  87 ;  Break  by  Sellers,  Taking-up  Motion 
by  Kenworthy  A  Bullough,  Letting-back  Motion, 
temple,  88.  Note  by  the  Author  on  Power-looms,  89. 

Chaiter  II.  Historical  Account  or  the  Jacquard 
Loom,  p.  89. 
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CllArTKR    III.      MACHINERY    EXHIBITED    BY    MESSRS.  J. 

Harrison  A  Bums,  Blackdihn,  p.  92. — Machines  for 
Winding,  Warping,  and  Suing,  92,  93 ;  Calico  and 
Linen  Loo  ma,  94. 

Chapter  IV.  Machinery  exhiritep  rt  Messrs.  Wm. 
Dickinson  A  Sons,  Blackrirn,  p.  95.—  Sizing  Ma- 
chine, Calico  Loom,  95  ;  Fancy  Loom*.  96,  97. 

Qmnli  Machinery  exhibited  hy  Messrs.  J.  Pi  n- 

i'vi  k  A  Sons,  RurKiirRV,  />.  97.--  Winding  Machine, 
;  t.'iiliru  I.oonw.,  'JS  ;  C' mt  met  in g  Collar-*,  'M. 

Chapter  VI.  Sundry  plain  Calico  Looms,  p.  99. — 
By  Booth  A  Chambers  ;  by  Piatt  Brothers  A  Co.,  99. 

Chapter  VII.  Machines  exhibited  by  Messrs.  Ti  er 
A  Hall,  Burt,  p.  99. — Nankeen  Loom,  99}  Fancy 
Loom,  1(H>;  Tapestry  Loom,  101;  Shearing  MiT 
chine,  102. 

Ciupter  VIII.  Looms  exhibited  rt  Messrs.  Wm. 
Smith  A  Brothers,  Hey  wood,  p.  102.— Woollen  Loom, 
102  ;  Half-woollen  Loom,  103  ;  Damask  Loom,  Pirn- 
winding  Machine,  104. 

Chapter  IX.  Looms  exhibited  bt  Mr.  Georoe  IIoihi- 
son,  Bradford,  p.  105. — Plain  Orleans,  Alpaca,  Cheek, 
Twilling  Looms,  105  j  Oddpick  Loom,  106. 

C"A|-1LH  \.    L'.'OMS  HI  Mt.^LS.  (i.  II A  IT  MLS- 

LET  A  Son.  Kkiohlet,  ».  106.— Six-shuttle  Loom. 
106  ;  Jacquard  Loom,  107. 

Chapter  XI.  Machines  exhibited  by  the  Andrr- 
ston  Foundry  Company,  Glasoow,  p.  107.  —  Pirn 
or  Wea  Winding  Machine,  Check  Looms,  107,  108. 

Chaitku  XII.  Looms  exhibited  by  Messrs.  J.  A  W. 
Whitesmith,  Glasoow,  >i.  loM.  —  Check  Looms,  Anti- 
friction Winder,  IPS,  1097 

Chapter  XIII.  English  Carpet  Looms,  p.  109.— 
Historical  Notice;  T^mms  by  J  nek  sou  &  Graham, 
and  by  Henderson  A  Co.,  loj>~,  1 10. 

Chapter  XIV.  Flax  and  Hemp  Wkavinq  Machi- 
KKn  exhibited  by  Messhs.  C.  PahrerA  Sons,  Dun- 
dee, ;>.  110.  Looms  for  Sailcloth,  Jute,  Fine  Linen, 
1 10 ;  Machine*  for  Warping,  Dressing,  Warp- winding, 
Weft-winding,  111. 

Chapter  XV.  Forhow  Looms,  p.  111.  —  French 
I>xjms,  by  Merrier,  by  Duraud  A  Pradcl,  by  Ban  it. 
by  Branoanx,  by  M»mline,  by  Berthelot,  by  Tail- 
bonis  A  Co.,  by  Fonqnet  A  Franz,  by  Baudouiu  Bro- 


tiiers  A  Jouannin,  111;  Belgian  Looms,  by  Houget 
A  Teston ;  Austrian  Looms,  by  Schramm ;  Swiss 
Looms,  by  Wahl  A  Socin  ;  Italian  Looms,  by  Vicenzi, 
by  Hon  ell  i  (electric),  112  j  American  Loom  for 
tufted  Fabrics,  by  Smith,  114. 

Chapter  XVI.  8undrt  Machinery,  p.  115. — Spool- 
ing Machine,  by  Sharp,  Stewart,  A  Co. ;  (  ai  -i 
setting  Machine,  by  Crubtreo ;  Heald-knitting  Ma- 
chines, by  Cook  a  Hacking,  anil  by  Word  ;  Silk 
Velvet  Li  sun,  by  Robinson  A  Co.  ;  Fulling  Machines, 
by  Ferrabee  A  Co.,  by  Merrier,  by  Houget  A  Tes- 
ton,  115;  Tentering  and  Drying  Machine,  by  Leo 
Norton;  Brushing  Machines;  Shearing  Machines,  by 
Houget  A  Teston,  and  by  Thomas  ;  Fringe-making 
Machine,  l>_y  Villain  ;  Braid-making  Machine,  by 
l.jiin  'i\ :11c  ;    Five  roller  Calender,  bv  John   Keir  ,V 

Co.,  116. 


SECTION  VI.— SEWING  MACHINES. 

Chapter  I.  Introduction,  p.  117. — Historical  Notice. 
Machine  by  Weisenthal,  117;  by  Hunt,  by  Newton 
A  Archbold,  by  Grcenough,  by  Bostwick,  by  Fisher  A 
Gibbons,  by  Elias  Howe,  by  Thomas  A  Co.,  118;  by 
Wiekersham,  by  Wilson  or  Johnston,  by  (imver  A 
linker;  Classification  of  Sewing  Machines,  119. 

Chapter  II.  Shuttle  or  Lock-stitch  Sewino  Ma- 
chines, p.  119. — By  the  Howe  Sewing  Machine 
Company,  119;  by  Singer  A  Co.,  by  Thomas  A  Co., 
120;  by  Guinness  A  Co.,  121 ;  by  M'Kcnzie  A  Co., 
by  Simpson  A  Co.,  by  Bradbury  A  Co.,  122. 

Chapter  III.  Lock-stitch  Machines,  without  the 
■Shi  iti.K,  ;>•  122  -  By  Wheeler  A  Wilson,  122;  by 
Ferrnhce,  by  Salisbury,  12H. 

Chapter  IV.    Single-thread  Chain-stitch  8ewinq 

Mo:i!Ms,  ;■.  12  1.  Ir.w-nlod  I  iy  Moiey,  anil  by 
(iibbs;  Machine*.-,  by  Wilrnl  A  tiibbs;  Blake's  Mu- 
ehine,  by  Bigelow,  124. 

Chapter  V.  Dor iilr-tu read  Chain-stitch  Sewino 
Machines,  p.  125. — Grover  A  Baker  Machine  by 
Newton  Wilson  A  Co.,  125;  by  Whight  A  Mann,  by 
Hughes,  126. 

Chapter  VI.  Foreign  Sewino  Machines,  p.  126. — 
By  Callebaut,  by  Do  Cellos,  by  Le  Blond  by  War- 
ehnlovsky,  by  Schroder,  by  Le  Boy,  by  Bocke,  127. 


PART  TTT. — M A NTTF A CTTTRTNIt  MAflWDSTS  KXD  TOOTS  FOR  WORKINfl 
IN  IRON,  WOOD,  AND  OTHER  MATERIALS. 


SECTION  I. — MACHINE  TOOLS.  Ac,  FOR  WORK- 
ING IN  IRON. 

Chapter  T.    Introduction,  p.  128.— -The  labours  of  Mr. 

Whitworth;  the  scraped  Plane  Surface,  the  Power 
of  Measurement,  128;  the  uniform  System  of  Screw 
Threads,  the  Lathe,  the  Planing  Machine,  the  Uni- 
versal Pinning  Machine,  Hollow  Castings,  129  ;  Stot- 
<  1 1  }  i  1 1  r  i  u.'  Machines.  Prame-dri'ding  Machine,  Ciniilnr 
Cuttorx,  Screwing  and  other  Machinery,  130. 

MANCHESTER  MACHINE  TOOLS. 

Chapter  II.  Machine  Tikii.s  exhibited  at  Mrssn.s. 
Joseph  Whitworth  A  Co.,  Manchester,  v.  131. — 
Self-acting  Foot-lnthe.  Self-ncting  Lathe,  Self-act  inur 
Break-lathe,  Fil  j  Railway  wheel  I'm  nnig-lalhe,  Self- 


acting  Planing  Machines,  132 ;  Universal  Shaping 
Machine,  Self-acting  Slotting  Machines,  133;  Self- 
acting  Compound  Slotting  Machine,  Self-acting 
Vertical  Drilling  and  Boring  Machines.  134;  Self- 
neting  Radial  Drilling  Machine,  Sell  acting  Blpt- 
drilliiig  Machine.  [55j  Self-acting  >N  'heel-cutting 
Machine,  Si  lf-nct  int.-  N  ut -shaping  M  acbine,  I'll ncli ing 
and  Shearing  Machine,  Ryder's  Fi  :  i;:vi'  Machine, 
Fi7;  Sawing  Machine  for  Hot  Iron,  Bolt  and  Nut- 
S i -re w 1 1 1 u  Mnehmi1.  11  a i:<  1  "i tq»  ii  ir  Apparatus,  Ui.S  ; 
Internal  and  Kit ernal  Cylindrical  Coiligcs.  Ll'.t. 

Chapter  III.  Engineers'  Tools  exhibited  by  Messrs. 
Sharp,  Stewart,  &  Co..  Manchester.  139.—  Double 
Faeo-plate  Lathe ;  Machines  for  Self-ncting  Shaping, 
139;  Slotting,  Vertical  Drilling,  Independent  Radial 
Drilling,  Ml;  Slot -drillinir.  Bolt  and  Nm-^en-wing. 
1  12  ;  I'lineliiiig  and  Sheening;  Painting.  113;  Watci- 
iiijector,  1  1  t. 
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Ciiaptkr  IV.  Machines  exhibited  bt  Messrs.  Beyer, 
Peacock,  A  Co.,  Manchester,  p.  146. — Double  Face- 
plato  Ltit he,  Frame-drilling  Machine,  1  U>. 

Chapter  V.  Machine  Tools  exhibited  nv  Mr.  J.  8. 
Hulse,  Manchester,  p.  1 47. — Screw-eulting  and 
•Sliding  Lathe,  Single-speed  Luthe ;  Pinning  Mn- 
chines,  1 17  ;  Machined  for  Shnping,  Bench-Blotting, 
Vertical-drilling,  Radial  Drilling  and  Boring,  Punch- 
ing and  Shearing,  118;  Steam-hammer,  149. 

CHMTKIl  VI.  MvHIN.s  KMIII'llrP  l'V   M|s-ljs.  W'l. 

Mriu  A  Co.,  M  \ m  n KsfEit.  j'.  l.r>n.  Sclf-iu-iing  F< ■■»t- 
hi-.  S.  '11  ii'-i  Ing  Bui  If  a  if  I  QC  rcw-CUtting  lathe,  1  ,~>i  >  ; 
MtU'liiiii'H  lor  Huml-phming,  Self-acting  Shaping, 
Self-acting  Slotting.  151  ;  Self-acting  Vertical  Drilling, 
Self-acting  Radial  Drilling,  Screwing  Tackle,  Double 
Grindstones,  152. 

Ciiaiter  VII.  Machine  Tools  exhibited  bt  Messrs. 
John  Hetheki.m.ton  &  Sons,  Manchester,  j>.  152. — 
Self-acting  Slide  and  Screw-cutting  Luthe,  152; 
Slotting  Machine,  Self-acting  Radial  Drilling  Ma- 
chine, 153. 

Chapter  VIII.  Machine  Tools  exhibited  by  Messrs. 
Smith  A  Coventry,  Manchester,  p.  151.—  Screw- 
cutting,  Chasing,  and  Slide  Lathe,  154 ;  Shaping 
Machine,  Bench  Drill,  Self-acting  Vertical  Drilling 
Machine,  Self-acting  Iiadial  Drill,  155;  Planing 
Machine,  157. 

ChAHEM  TY.  Machine  Tnntj  Mmmnn  »r  Mrssm 

C.  Dt  Bkroik  A  Co..  Manchestkr  and  London. 
p.  157.  Steutn  Punching  and  Shearing  Machine,  157; 
Punching  anil  Slu-nring  Machine,  KjvgtlOg  Machine, 
161 ;  Rivet-making  Machine,  162;  Angle-bar  Cut  t  in  g 
Machine,  163. 

Chapter  X.  Machine  Tools  exhibited  by  Messrs. 
James  Nasmyth  A  Co.,  Manchester,  p.  163.-  Steam 
Hammers,  Punching  Machine,  164;  Self-ucting 
8haping  and  Differential  Dividing  and  Notching 
Machine,  Model  of  Cotton-baling  Press,  Equilibrium 
Slide-valve,  Screw- Propeller,  165. 


LEEDS  MACHINE  TOOLS. 

CmiTVli  XL  AftctiiNB  Tom.*  Kxninirrn  wt  M>«m 

P.  Fairbairn  A  Co..  Leeds,  p.  165. — Self-acting  Slide 
Break-Lathe.  166;  Slide  anil  Screw-cutting  Lathe. 
Donble  Stnd  Lathe.  Self-acting  Radial  Prilling  Ma- 
chines, 167,  168 ;  Self-acting  Machines  for  Radial 
Drilling.  Vertical  Prilling,  liis  :  for  Planing,  169. 
17l>;  for  Shaping.  Slotting.  171-173;  fur  Circular 
Shi  •aring.  and  Pantograph  Cutter-forming;  Surface- 
plates,  175. 

Ohaitkh  X1T.  MtcHiKF  Toots  MHHtrtn  nv  Mt«.« 
Shepherd,  Hill,  &  Co.,  Leeds,  p.  175.-  Self-acting 

Sli'lc    mill    Sir  i  vy-cult  i  1 1  l-    Latin-,     175;    Self  net  jjjg 

P.  '  ,i  1;  la 1 1  ' ■,  Machines  for  Planing,  Slotting,  Bench- 
shaping, 

CiiM'ini  Xtll  Michine  Tool  -  rxumnn  nv  Mksih 

Smith.  Hi-  m -qck.  A  T \ n n ett.  Leeds,  p.  176.  Self- 
acting  Slidc-latho  with  Template  Motion,  Sell'-aci  jug 
Sli'le  Screw-cntring  anil  Cotter  T 1 1  r:  i  i  t  i  1 ;  1 1  he,  17b; 
Butter-lathe,  Self  acting  Shaping  Machine,  Slutting 
Machine,  Connecting-rod  Slotting  Machine,  Rifling 
Machine  for  Cannon,  177;  Universal  Shaping,  Ma- 
chine. 17iT 

Ciiaiter  XIV.  Machine  Tools  exhibited  by  Messrs. 
Maclea  A  March,  Leeds,  ;>.  178.— Slidclnthe,  Dou- 
ble. faceplate  Wheel-lathe,  Shaping  Machine,  Slot- 
ting Machine,  Planing  Machine,  178. 

Ch  m-ii  i;  XV.  M  m  iii\i--  Tnoi  s  kmiiimih.  in  Vi.mis 

Joshua  Bichton  A  Co.,  Leeds,  p.  179. — Self-acting 

Sliding  anil  Screw-culling  Latin',  Shaping  Machine, 
17!l;  Slotting  Machine,  Punching  an<l  Shearing  Ma- 
chine, ISO. 


Ciiaiter  XVI.  Machines  exhibited  by  Messrs. 
Greenwood  A  Batley,  Leeds,  p.  ISO.— Machines  for 
Straight  Milling,  Profile  Milling,  Rifling,  180;  Mould, 
ing-table  for  Shells;  Machines  for  making  Percussion- 
caps,  Boot-pegging,  File-cutting,  Wire-testing,  181  ; 
Steel  and  Iron  Testing  Machine,  183. 

Ciiaiter  XVII.  Machine  Tools  exhibited  by  Messrs. 
Fox  Brothers,  Derby,  p.  183. -  Screw-cutting  Lathe, 
Planing  Machine,  Vertical  Drilling  Machine,  183. 


T.n\M)Q\'  M  U  HINK  TOOi.S 

Ciiaiter  XVIII.  Tools  exhibited  bt  Messrs.  Holt- 
zaitfei.  A  Co..  London,  p.  183.  —  Plain  Foot-lathe, 
with  Slide-rest,  183;  Self-acting  Foot-lathe,  Slide- 
hit  lie  for  Amateurs,  18 t;  Screw-mandril  Foot-laihe, 
Screw-mandril  Foot-lathe  for  Ornamental  Turning, 
185;  Eccentric  Cutting-frame,  1K6;  Elliptical  Cutting- 
frame,  187 ;  Rose  Cutting-frame,  188 ;  Ibbetson's 
Geometric  Chuck,  189  ;  Circular  Saw,  Lapidary 
Apparatus,  Portable  Smith's  Press-drill,  Measuring 
Instruments,  Mathematical  Instruments,  190;  Curves 
and  Scales,  191  ;  Printing  Presses,  Misccltaneons,  192. 

Ciiaiter  XIX.  Machine  Tools  exhibited  by  Messrs. 
A.  Shanks  A  Co.,  London,  p.  192.— Duplex  Mor- 
tising and  Grooving  Drilling  Machine.  Friction-gear 
Drilling  Machine,  Multiple  Drilling  Machine,  192; 
Bolt-screwing  Mm  hine,  193. 

KTTKnnv  MArnryii:  Tenia 

Chapter  XX.  Sundry  Machine  TooIb,  p.  193.— Double 
Stud-lathe  and  Universal  Shaping  Machine,  by  J.  A 
J.  Kershaw,  193;  Tube-cutting  Machines,  by  Ken- 
dull  A  Gent  ;  File-cutting  Machines,  by  Francis 
Preston  A  Co.,  194  ;  Screwing  Machine,  by  J.  Glas- 
gow ;  Screwing  Machine,  by  W.  Godd  A  Son ;  Lathe, 
Shaping  Machine,  Planing  Machine,  and  Radial  Drill, 
by  G.  A  A.  Harvey  ;  Steam-riveting  Machine,  and 
Punching  and  Shearing  Machine,  by  D.  Cook  A  Co.  ; 
Horizontal  Boring  Machine,  by  Crawhall  A  Camp- 
bell, 195  ;  Bevil-whoel  Cutting  Machine,  by  Hunt  A 
Co. ;  Forging  Machine  and  Fluting  Machine,  by  Wm. 
Ryder;  Multifarious  or  .)iu-(|iianl  Punching  Mnchine, 
by  liichiird  Kol.erts  A  Co  ,  jjgj  Machine  for  Multi- 
farious Punching  and  Manifold  Drilling,  by  l'eto, 
Brassey  A  Bgttg|  Rj7j 

Chapter  XXI.  Steam  Hammers,  p.  198.  —  By  the 
Kek-tnll  Purge  Company  ( \avh>:-'-)  :  Robert  Morri- 
son A  Co..  198;  Hmlswell  A  Clark,  19!l;  Thwaitc* 
A  Carbutt,  J.  Rhodes,  200;  Glen  A  Ross;  Eastwood 
A  Sons;  Carrett,  Marshall,  A  Co..  201  ;  Allan  C. 
Wylio  (Condie's),  202  ;  Imray,  T.  W.  Cowan,  203. 

Chapter  XXII.  Mktal  Rolls.  Ac.,  p.  203.— Method  of 
Canting  Mi-rul  Knlls.  2Q3;  Hani  (  hilled  Sheet-roll,  by 
Thomas  Pert  v  A  Soli;  Chilled  Roll  ley  Smith  A 
Hawkes  ;  .Machine  lor  inanufacl  uring  Chain-Cables,  by 
Madame  Sinihnldi.  ^"1. 

Chapter  XXIII.  Foreic.n  Machine  Tools,  p.  204. — 
Shaping  Machine  and  Vertical  Drill,  by  Madame  Do 

('inter  :  Planing  Machine,  by  Varrnll,  Klw'll.A  l'oiilol  ; 
Compoimtl  Planing  ami  Shapii  g  Machine,  by  ,) ,  A  C. 
S.  Holiniler,  "Jl'l;  Lathe,  ami  Machines  for  Slut- 
ting.  Nut-cutting.  Radial  Drilling.  Slot-drilling,  by 
K  Hartmann.  204;  Machine  Tools,  by  M.  Zimmer- 
mann,  comprising  Nut -cutting  Machines  ami  a  Tube- 
cutting  Machine;  Tube-cutting  Machine,  by  Sonder- 
mnnn  A  Slier,  205;  Steam  Hammers,  by  Farcot  A 
Son  ;  Varrnll,  Elwell,  A  Poulot  (Naylor's) ;  ScIiiiutIht 
Brothers;  Rothschild  Brothers;  Hydraulic  Forging 
Press,  by  Haswell ;  Steam  Hummer,  by  Schwnrtzkopf, 
205.  

CiuriEK  XXIV.  Com  i.i  s 1 1 > \ s  n\  the  Mm'IMNE  Tools 
exhibited,  p.  206. -  As  to  Lathes,  206;  Double  Face- 
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pint.-  Lathes,  Planing  Machines,  207  ;  Shaping  Ma- 
chines, Slutting  Machines,  2tW  ;  Vertical  Drilling 
nnd  Boring,  Radial-drilling,  Traversing  or  Slut  •drilling 
Machines,  Circular  Cutters.  209 ;  Screwing  Macliinin  ; 
StCttm  HarumtTK  ;  Punching,  Shearing,  and  Riveting 
Machines,  2U>. 


SECTION  IT. — MACHINES  FOR  WORKING  IN 
W"i,)|). 

Chapter  I.  IjrrnonrtTioN,  p.  211.  -  The  Method  of 
tho  Former  and  Tracer,  Bond-saws,  211. 

CllUTt.lt   II.  WuHll-WIIHMM.   MAl-Hl.NK.S  t.MlllH  I  H'   II T 

S.  WORSSAM  A  Co.,  LoXPQN,  p,  211. — Portable  Deal- 
Eramo,  21  1  ;   liaii'1-r..iw,  (  i  <  •  r  j  -  nil  ,!■  liner,  Roller  Plan- 
ing Machine,  213;  Small  Moulding  Machine,  Mor-  i 
rising   Machine,   211;     Double-tenoning  Machine, 
Cylindrical  Gouges,  2 1ST 

CiiuterIII.  Woon-womnxo  Machines  t'xni iiitud  bt 
Messrs.  Powis,  James,  ft  Co..  LoNuox.  p.  217. — 
Cmiil ijm-tl  Timber  and  IVnl-Eramc,  Handsaws,  '-'17  ; 
Machines  for  Pinning,  Moulding,  818j  Mortising, 
Tenoning,  and  Boring;  Doublc-teliuliing,  211). 

ClIUMKK    IV.     WpoI'-'.'iikMNi.   MuHISFS    K  X  H  I  lil  I  1-  I .  li  1 

Messrs.  Thomas  Roiiinsqv  ft  Soxs.  Rochdale,  p. 
220.— Saw-bench  Mnchinr-H  for  Planing  and  Squaring, 
Mouliling  and  Planing,  Mortising  and  Tenoning,  220  ; 
Grinding  Machine,  221. 

Chapter  V.  Wood-workino  Machines  exhibited  bt 
Messrs.  Greenwood  ft  Batlet,  Leeds,  j>.  221. — 
Lock-bedding  Miu-hino,  Blanshard  Lathe,  221;  Kin- 
der'* Shaping  Machine,  Band-saw,  Machine  for 
Cutting  or  Jointing  Barrel-staves,  222;  Mortising 
Machine,  Boot-pegging  Machine,  223. 

Chapter  VI.  Sundry  Wood-workixq  Machines, p.  223. 

Planing  ami  M-midiicr  M ach i in  ,  I iy  fi.riv-1  A  Burr; 
San -.  I  .i - : 1 1 ■  i i .  ;iini  Pinning  ""'1  Moulding  Machine,  1  >_'.' 
J.  M' Do  wall  A  Sous;  Vortical  Saw-frame,  by  J.  AT. 
Young.  22H  ;  t'nncrsal  Joiner,  Tree-felli r,  and  Hori- 
ynntal  S.oviiig-muchinc,  by  H.  1 1 ,  Thompson  ;  Hnigh's 
M'  ii  t  ih:  i  g  ami  Horing  M  in  I  n ;  h  • .  Kl-.i-it  i  -  ■  -i-rtr  1 1|  ■ .  uml 
Lit''  mg-jack,  by  Wm,  Hissoll  ;  I Inri/.i iiitnl  S.iw.fi  an..'. 
by  W.  liit'Yi  s,  22C,  Mortising  Machine,  by  Wr-|.  n 
ft  Horner;  Boring  and  Fret-cutting  Machine,  by 
J.  I.,  wis  ;  Machine  for  Carving  iu  Wood,  by  Cox  ft 
Son,  225. 

Chapter VII.  Fqrktow  Woop-workixo  Machines.p.SSS. 

Itiiinl-aw  and  Traversing  Mortising  Machine,  by 
I'oriti  ;  Mortising  Machine.  Tenoning  Machine,  Cir- 
cnlar-saw,  Mouliling  Machine,  loathe  for  forming 
Lasts  ami  Wheel  s[s>kes,  bv  Hcrnier  1  Arhev.  T2~>, 
--*'>'.  Portable  Steam  Hand-saw,  by  Vnrrall,  Elwcll, 
I 'on  lot  ;  Band -saw.  Vert  i  ral  -rcci  pn  >ent  i  n  g  Saw, 
and  Machines  for  Monlding,  fur  Plaiting,  and  for  Mor- 
tising, by  Zimmerniann,  228. 

Chapter  VIII.  Cove  i.t  stox.  p.  226. 
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fit  vi-i  Kit  1.  S.  i  t.i-n  uv.i  Mn  minks,  ;,,  227.-  Machine 
for  copying  Sculpt uros,  by  Kenmm  A  Sons;  ProPQT- 
tional  Slides,  by  Charles  Sliaw,  'I'll  ;  Pointing  and 
Carving  Machine,  by  E.  Smith,  22M. 

Chapter  II.  Engraving  Machines,  p.  228. —  Double- 
bar  Pantograph  Engraving  Machines,  by  Lockctt, 
Sons,  A  Leake  ;  Electrograph  Engraving  Machine,  by 
n.  Garsido,  228,  229. 

Chapter  III.  Cork-clttino  Machines,  p.  230. — Intro- 
ductory Remarks;  Machines,  by  t'onroy  ;  by  Gartner, 
Tin  yson,  A  Ede  ;  by  Otomcr,  230." 


Chapter  IV.  Coining  Machines,  p.  231.—  Fly -press,  by 
Pinches  1  Co,  ;  Coining  Machine,  by  L' liUmrii  ;  Com- 
ing-press, by  J.  F.  Cail  A  Cu,  231. 


SECTION  TV— MACUIKKS  FOR  MANTTFAC. 
TURING  AN'D  WORK  I  KG  IX  PAPER. 

Chapter  I.  Paper  mak inc.  Machinery,  p.  231. — By 
George  Bert  rum,  2dl  ;  by  Bryan  Donkin  A  Co..  'S.IA  ; 
by  LanK"he  &  Co.,  and  by  Dautnbund,  23 1;  Re- 
marks  on  the  Paper-making  Machines,  234;  Re- 
volving  Strainer  by  T.  Marshal  I,  Paper-knotting 
Machine  by  A.  Siebo,  23f> ;  Strainer  by  Prentis  * 
(ianliier,  Stniilii-r-plateH  by  II,  Watson,  l'aper- 
<'iitti:ig  Machine  by  Tidcombc  A  Sun,  l'a[)er-lay ing 
Apparatus,  by  J.  Lamb  ;  ('oncliisii m, 

Chaiter  II.  Tti'K-rofNPi.No  Machixks,  p.  230, — 
Typc-ca.sring  and  t'i n ish i ng  Appantt  ns,  by  Johnson  A 
Atkinson;  Type-cueting  Machines,  by  R.  Besley  & 
Co..  and  by  Haas;  Advantages,  236. 

Chapteb   111.  Ttpr    Composing   ixn  Distbibi'tixo 

Machixks,  p.  238. —  By  Young's  Patent  Typ<'  Com- 
I'osiiig  and  l)intrihutiiig  Machine  Coin]mny,  and  by 
Delcainbre,  2^;,  237. 

Chapter  IV.  Printing  Presses,  p.  239. — Progress  of 
Newspaper  Printing,  239  ;  Plat  ten  Printing  Press,  by 
David  Napier  &  8on,240  ;  Main  Single-cylinder  Print- 
ing Machine,  by  W.  Conisbec,  211  ;  Single-cylinder 
Printing  Machines,  by  Petter  &  Galpin,  by  Annnblo 
A  Blench,  and  by  E.  A  W.  Ullmer;  Platten  Press,  by 
F.  W.  Gerish,  212  ;  Double-cylinder  Machine  by  Ross, 
Model  of  Doe's  Ten-feeder  Machine  by  E.  E.  Colley, 
Miniature  Albion  Printing  Press  by  Mrs.  Daniel 
Jones,  Electro. magnet ic  Printing  Press  by  C.  W. 
Harrison ;  Printing  Machines  by  Normand,  by 
Alapjtct,  by  Dotartre,  243 

M  isci-ilatieoiis  Printing  and  Stamping  Apparatus  : 
Mechanical  Counters,  by  Trunillct,  213;  Paging 
Machine  by  l'alniif,  Ritllwny  TuVet  Printing  and 
Numln'ring  Maihine  by  Waterlow  A'  Sqtis,  Ne»>- 
|iap<-r  Addiessing'  Machine  by  llan  ild  A  Sons,  I'ost- 
othce  Stain[iing  Machine  by  Pearson  Hill,  Hand 
Pii-s.-m-s  by  .larrett,  2H  ;  Lithographic  l'n'ss)-w,  LM.">. 

Chapter  V.  Svnurt  Machines  for  working  in 
Paper,  p.  215. —  Paper-cutting  Machine,  and  Copper 
Plates,  Ac,  by  D.  A  J.  (ireig;  Paper-cutting  Machine, 
and  Hydraulic  Press,  by  Hughes  ft  Kimber;  Paper- 

cuttinc-  MgeTiTne]  by  ba  1 1  -  « iarrt  1 1 .  -  l.'i  ;  Paper-bag 
Mai'limes.  Iiy  (\  'I',  Voungiiian,  and  by  1'cltco; 
Mm  liini-h  for  Folding  and  Stitching  1'rinlcd  SheetH 
of  l'.tjier,  by  the  M  u-<  1:  i  in -n  Ha  un  isl  all  ;  Packet- 
folding  Machine,  by  Devinck,  'J.  It;,  '1  17. 


SECTION  V- MACHINES  FOR  WORKING  IN 
STONE  AND  CLAY. 

Chapter  I.  Machines  for  working  in  Stone,  p. 217. — 

(irimling  Mi.'.,  by  Seal;  ( inml  mg  and  Levigating 
Apparatus,  by  Goodall  ;  Double-acting  Comjxwite  Mill, 
by  Carr,  2 17  ;  Disintegrator,  by  Carr ;  Centrifugal 
('rushing  Machine,  by  Halfolir,  2  IH  |  tirinding  Mill,  by 
Eaiiconnier  ;  Si om--l iron k nig  Mai-hini-s.  by  lllake,  2  lit  ; 
Rock-perforating  Machinery,  by  Sduum  ln  r,  tuandis, 
and  Graltoni.  200. 

Chapter  II.  Victorian  Quartz-crtshinq  Machine, 
p.  250. — Twelvcstnmper  Battery,  by  the  Commis- 
aioners  of  the  Virturiun  Exhibition,  2o0  ;  Statistics  of 
Gold  Produce  in  Victoria,  Modes  of  extracting  Gold, 

•AM. 

Chaiter  III.  Machines  tor  wqeking  in  Clat. 
p.  252.— Wit  or  Plastic  Clay  Machines,  for  making 
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Bricks,  Pipes,  and  Tiles,  by  Clayton  A  Co.,  252  ;  by 

Elfortz.  2.Vt  ;  ti_v  I'if.'i'  A  Co.;  liy  Sharp  A  Uulmcr"; 
Mode  of  Cutting  off  Unrb,  by  Ca/i  tii  »  \  ■•,  2."il;  Dry- 
Hay  M.irluin  i.  J.M;  Seen'. dry  Clay  1 1 1  a .  •  k  -  mak  ing 
Machine,  by  Wd-mi  ;  Dry -rlny  Brick-making  Machine, 
by   Bradley  A  Crnvi  u.  2,~i.">  ;  ami  hy  1'latt  Brothers  A 


SECTION  VI. — MACHINES  FOR  WORKINO 
IN  HtlGAH.  AVn  Off. 

Chapter  I.  Si-oak  Mills,  p.  257.  —  Introductory 
Remark*,  257  ;  Sugar  Mill  ami  Engines,  by  Mirrlccs  A 
Tait,  258;  by  W.  A  A.  M'Onie,  2IK) ;  by  Fawcett, 
Preston,  A  ('.">,;  Cuttle  Mill,  by  MPnic,  2H1  ;  Port- 
able  Steam  Sugar  Mill,  by  J,  C.  Wilson  &  Co. ;  Sugar 
Mill  and  Engines,  by  J.  P.  Cail  A  Co.,  262. 

Chapter  II.  Svjgar-rkhmnq  Arruui  :s,  Ac,  ?i.2G3. — 
"  Triple-effet "  Vacuum-pan  Apparatus  and  Vacuum 
Engine,  by  Fj^rregtcr  A  ('■>.  -.  Vacuum-engine.  Steam 
Hydraulic  Pumps,  Hydraulic  Press,  ami  Stop  nr  hot  nil' 
Knuilihrium  Valve,  by  Peel,  Williams,  A  l'irl,  2t'>3, 
2ti  L  265  ;  Aspinall'.s  Open  Evaporating  Pan,  by  Faw- 
cett,  Preston.  A  Co.;  Hour  I'an.  by  Cook  A  Co..  2o3  ; 
Centrifugal  Pry  in;.'  Machine*,  by  Matii">c.  A'.lt"tt.  A 
Co.,  and  by  Napier  ;  "  Triple-cffet ''  Vacuum-pan  Ap- 
paratus, and  Centrifugal  Machine,  by  .1.  K.  Cail  A  Co.  ; 
Vacuum-pan,  by  Loyal  ;  Vacuum -pan  Apparatus,  and 
Centrifugal  Machine,  by  Cail.  H  ulot ,  A  Co.;  Vacuum- 
pan,  by  Hockniann  j  Sugar-moulils  of  Papier-mache, 
by  Kruuig,  2<>fi. 

Chapter  III.  Oil-hill  Machinery,  p.  266. — Intro- 
ductory Sketch ,  Oil-mill,  by  Martin  Samnelaon  A 
Co.,  266. 


SECTION  Vir.  -MACHINES   FOR  WORKINO  IN 
FfOITR 

Chapter  I.  Front  Mm  hinkky,  >>.  2G8.  Flour-mill 
mid  Steam-engine,  by  Whittimro  &  Song,  2t>fr  ; 
Grinding-mills,  by  Nral,  by  Buisson  ;  French  Burr 
Btone,  by  Bryan  Corcoran  A  Co. ;  Floor-dressing 
Machine,  by  Hill;   Friction-coupling,  by  Mauzaizc, 



Chapter  II.  Bread-making  Machinery,  p.  269. — Pro- 
cess of  Converting  Floor  into  Bread,  269  ;  Danglish's 
Aerated  Bread  Machinery,  by  Barrett,  Exall,  & 
Audrcwes,  270. 

Chapter  III.  Kneadino  Machines,  p.  271. — Tho 
1'rooosHof  Kneading  Dough  :  Kneading  Machinist,  by 

St'  vi-iw.  ^71  ;  by  Vicars  A  Co..  hy  H  hill  ;  Holland"* 

Kneading  Machine,  by  Lcsobre  ;  Machines  by  Upland, 
by  Dn.iuot,  272. 

Chapter  IV.  Bread-bakino  Apparatus,  p.  272. — Eco- 
nomiaing  the  Waste  Heat  of  the  Oven,  by  Dronot  i 
Travelling  or  Railway  Oven,  by  Vicars  A  Co.  ;  Rob 
huul's  Revolving  Oven,  by  Lcsobre .  272. 

Chapter  V.  Biscuit  Machinery,  p.  273. —  Biscuit 
Machinery,  by  Barrett,  Kxall,  A  Andrewos  ;  by  Porter, 
Hinde,  A  Porter;  Travelling  Oven  for  Biscuits,  by 
Vicars  A  Co.,  27:i. 

CllU-lMI   VI.     CoNFE' TIONFUs'    MACHINES,   p.  273.- 
Confectioners"    Machines.    Biscuit-rolling  Machine, 
Sugar-grinding  Mill,  by  I. like  Collier  ;  Machines,  by 
Weatherh  y,  27-t  ;  I'.ii-iu  ami  Currant  Pressing  Ma- 
chines, by  Caason,  27  t. 


SECTION  VIII.  — MACHINES  AND  APPARATUS 
FOR  WORKING  IN  WATER,  AND  BREWING. 

Chaitkii  I.    Tiir  Pi  ripic.vtiov  or  Water,  j>.  271. 


ChmtkhII.    Wati  n  iumillino  Apparatus,  p.  27 I.- 

Marine  Acrateii  Fresh-water  AppltriUUS,  by  Nor- 
mandy A  Co.;  Bhip's  Engine  ami  Apparatus  for 
W  iin ling,  Cooking,  and  Distilling  Fresh  Water,  by 
Chaplin  A  Co.  ;  Chaplin  A  Russell  -  Pisl  il-aemtor.  27  I. 

Chapter  III.  Filtering  Apparatvs,  p.  275.— Prin- 
ciples of  Filtration;  Filtering,  Water-softening,  and 
Water-testing  Apparatus,  by  F.  II.  Danchcll  A  Co., 
275;  Tubular  Filters,  by  Nailault  j  Reservoir  Killer- 
balls,  by  Lorcnz  A  Vette,  276. 

Chaptee  IV.  Precipitating  Apparatvs,  p.  276. — Dr. 
Clark's  Progggt]  Precipitating  Appai  a;  u- gad  Testing 
Apparatus,  by  F.  H.  Danchcll  A  Co.  ;  Wagner's 
Water-softening  Apparatus,  by  liurcimc  ;  Results  of 
Experiments,  by  M.  Trvsca.  and  by  M.  Solum,  27'). 

Chapter  V.  Ice-making,  Freezing,  and  Coolino  Ma- 
chines, p.  277. — Principle  of  Artificial  Ice-making  ; 
Ice-making  Machine,  by  Siebe ;  Cooling  Apparatus. 

by  Carre  A  Co.;  lcc-makuig  MaihineM  ayailable  lor 

Cooling,  277;  Ash's  Piston  Freetiug  Machine  and 
Winc-euulcr,  by  Sinipwon,  278. 

Chapter  VI.   Aerated-Water  Apparatvs.  p.  278.— 

Introductory  Notice;  Generator,  by  Hermann- l.aeha- 
ptdle  A  Glover;  Impregnating  Api»anUnH,  by  Tylor  A 
Sons,  by  Haywanl  l'yl'  r  ty  Co.,  by  I1'  1  ■  -<  r .  2TV  by 
Harneit,  by  1  b  iiiiiinu ■  I .aciiap-  1 1. ■  .V  Ul  .yer.  by  Coe-i- 

ler  A  Co.  ,  1 1, 1 1 1 1 1  n  „-  \[|iaratU8,  Hand -and -krn*o 
Bottling,  279;  Fleet's  App.-untu-.,  2S1  ;  Tyli.r  s.  Ty - 

liv'-,  arid  Ivirm  n  m;  t'i  1 1 . !  i '  i  :  - 1 '.  ■•  1  :i ! :  i  :i  >  - .  Mo- 
tive-power by  hand;  Steam-power,  by  Fieri,  by 
Barnctt.  2S:i, 

Chapter  VII.  Brewing  Apparatus,  p.  283.— Prelimi- 
nary Notice  on  Refrigerating;  Refrigerator  ami 
Mash-tun,  by  Lawrence  j  Refrigerator,  by  Bridle,  by 
Pontifox  ;  Combined  Separating,  Dressing,  and  Malt- 
crushing  Machine,  and  Malt-balanco,  by  Gibbon  ; 
Hodge's  Hop-s«'t»arator,  and  Hop-press,  by  Handy- 
side  A  Cu.  ;  Fllter-l'n'SS,  by  Needhani  A  Kite.  2M  ; 
Cask-i  leansing  Machine,  by  Robnmoit  ;  Mr.  It  Davi- 
sun  on  Ciiak-ch-ansing,  2S.">. 


SECTION  IX.— UNCLASSED  MACHINES. 

Chapter  I.  Magneto-electric  Machines  por  tro- 
prciNG  Light,  p.  286. — Magneto-electric  Machine  for 

j  lacing  Light,  and  Light  Regulator,  by  Holmes  ; 

on  tho  Menus  of  producing  Artificial  Light,  by 
Holmes,  2tt6 ;  Magneto-electric  Machine,  by  Berlioz 
tt  Co. ;  Serrin's  Electric  Lamp,  2SH  ;  Comparison  of 
Holme.i's  and  Berlioz's  Machines,  2M9. 

Chapter  II.  Telegraph-cable  Machines,  p.  289. — 
Telegraph -wiro  Covering  Machine,  by  Siemens, 
Halako,  A  Co.,  289 ;  Machinery  for  making  Sub- 
marine  Cables  ami  Wire-ropes,  by  A.  Smith,  290. 

Chapter  III.  Peat  Machinery,  p.  290.-- Machinery 
lor  Straining  and  Moulding  Peat,  by  Brnnton  ;  ex- 
tent of  the  Deposits  of  Peat,  in  Great  Britain  anil 
Ireland  ;  on  the  Preparation  of  Peat,  290;  Analysis  of 
Peat.  291.   

Chapter  IV.   Diamond-cutting  Machinery,  p.  291. — 

■Machines  for  Cutting  and  Polishing  Diamonds,  by 
Hunt  A    R.  -k'll  ;  Remarks  on  t  lie   Process;  ('arlsm 

of  Diamond,  291  ;  the  Koh-i-noor ;  Diamond-mines, 
202. 

Chapter  V.  Maciiinks  for  workino  in  Leather.  >>. 
L".'2.  Machines  i'..r  Sinking  ami  Scraping  Leather 
Hides,  and  for  Rolling  Leather,  by  Stothert  A  Pitt  ; 
Machines  for  Iieather-splitting,  Sole-rutting,  and 
Heel-trimming,  by  Richards;  Grindstone  fur  Thinning 
Leather,  by  Cliouillon  A  Jaeger;  Shoe-pegging  Ma- 
chine, by  Lcmcrcicr,  292 ;  Elastic  Rotary  Cleaner 
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ami  Polisher,  hy  Tnpham ;  Boot  and  Shoe-cleaning 
Machine,  by  Rawlings,  293. 

Chapter  VI.  Machines  for  Wobkino  in  Tobacco, 
AND  rOH  Pipes,  )i.  293.— Tobacco-spinning  Machine, 
by  Voiut  lander ;  Cie/ar-mnking  Machine,  by  Dc  Mary, 
',"■»'!:   Ma<  lane    fur    Making   Tohiicei  ■  pip'       by  Key- 

nolds,  294. 

Chapter  VII.  Sundry  Machines,  p.  29-t.— Magneto- 
plating  unci    (iildiug   Apparatus,   by    Lyons;  dm- 


solidatcd  Kmery -wheels,  by  Wame  A  Co.;  Nail- 
making  Machine,  by  GustafKon  j  Horse-shoe  Nail- 
making  Machine;  Machine  for  Casting  Bullets,  by 


Cohen  i 

Machine  for  making  Shawl. 

triitirn  Printing 

Blocks, 

bv  Morgan  A  Co,  ;  Monld-inn 

v in tr  Machine  for 

1  k1  u<  in Printing  Surfaces,  by  Wnirht  ;  Hnrsj-hatr 
Curlimr  Machine,  by  Nightingale  A  Co.,  295  ;  Ma- 
chine  for  Cutting  and  Measuring  Baas  Fibres,  by 
KitHtwood  ;  Bristle-assorting  Machine,  by  Yates  ;  Self- 
baating  Meat-screen,  by  Zaani  A  Co.,  296. 


PAKT  lY.-MAnilNKKY  IN  GENERAL 


SECTION  I.— STATIONARY  AND  PORTABLE 
STEAM  ENGINES  AND  BOILERS. 

Chapter  I.  Introductory  Remarks,  p.  297.  —  The 
Horizontal  the  prevailing  Typo  of  Engine  exhibited ; 
the  Beam-engines ;  General  Indifference  of  English 
Constructors  to  Economizing  Fuel,  297 ;  Investiga- 
tions of  the  Author  on  the  Behaviour  and  Condition 
of  Steam  in  Steam-engines,  298. 

Chapter  II.  The  Indicator.diacr.iji.— The  General 
Behaviour  or  Steam  in  the  Cylinder,  p.  298. 

Chapter  III.     The   Behaviour  of  Steam  in  tub 

Cylinder  durino  Admission,  p.  299. 

Chapter  TV.  The   Behaviour   of  Steam  in  tub 

Cylinder  during  Expansion,  p.  800. 

Chapter  V.  The  Behaviour  of  Steam  in  the 
Cylinder  durinq  Exhaustion,  p.  801. 

Chapter  VI.  Relative  Pressures  of  Steam  in  the 
Boiler,  the  Valve-chest,  and  tub  Cylinder,  p. 
302. 

Chapter  VII.  Ordinary  Hqmizpmai.  Stk^m-bnoines, 
p.  303. — High-prowsore  Expansion  and ^Non-condens- 
ing Engine,  and  Vertical  Engine,  by  Barrett,  Exafl, 
A  Andrcwcs.  303,  :i(U  ;  Horizontal  Engine,  by  Clay- 
ton. Slni'.tlcworth.  A  Co.  ;  Horizontal  Engines,  by 
Kuii>otnes  A  Suns,  ;{l>t;  Horizontal  ami  Vertical  Kn- 
gines,  by  Imray  ;  Horizontal  Engines,  by  Hick  A  Son, 
by  Tennant  A  Co.,  by  Wren  A  Hopkinaon,  by  Sandys, 
Vivian,  A  Co.,  by  Hands,  by  Bryan  Donkin  A  Co.,  by 
Powis,  James,  A  Co.,  by  Napier  A  Son ;  Horizontal 
Colliery  Winding-engines,  byThornewill  A  Warham, 
305. 

Chapter  VIII.  Ordinary  Vritrn.u.  >sn  Beam  Ex. 

PINE*,  90&-  Vertical  Engines  by  Ferrahee  A  Co.. 
TTv  It  twin,  bv  Williamson  Brothers,  Hi  K>  ;  I  )ia  got  ml 
Engine,  by  Koutlcdgo  A  ( hnrnannev  ;  Vertical  En- 
gines, by  Belliss  A  Bookings,  307 ;  and  by  Carrett, 
Marshall,  A  Co. ;  Condensing  Beam-engine,  by  Wood  A 
Sons ;  Blast-engines,  by  the  Lilleshall  Company,  308. 

Chapter  IX.  Steam-engines  specially  nuaiciNKn  rrlR 
vrrtt ting  Economy  or  Fuel,  y>.  309.-  Horizontal 
Double-cvlindor  Engine,  bv  Carrett,  Marshall,  A  Co., 
309  ;  by  W.  May  A  Co.,  313;  Perkins's  Sorface-cvapo- 
retor  Condenser  ;  Semi -portable  Thermo -expansive 
Steam-engine,  by  Wen  ham,  314 ;  Condensing  Steam- 
engine,  by  Wilkins,  315. 

Chapter  X.   8vndrt  Steam-engines,  t>.  316.— Bpheri- 

t-iil  Steam-origin"  by  (iiay  A  Son.  Concentric  Engine 
by  Bunnett  A  Co.,  Fixed-valve  Vacillating  Engine  by 
Davis,  315. 

Chapter  XI.  Foreion  Statiqxart  Engines,  p.  316.— 
j  iorizi  intal  Condensing   Ktir'im.i  by  1  arcot    A  Sons, 


by  Leconteux ;  Horizontal  Engine  and  Air-pnmping 
Engine,  by  Cuil  A  Co. ;  Horizontal  Engine,  by  Var- 
rall,  Elwell,  A  Ponlot ;  Horizontal  Condensing  En- 
gine, by  Laurens  A  Thomas,  816  ;  Horizontal  Colliery 
Winding  Engines,  by  Quillacq  ;  Steam-engine  with 
Curved  Cylinder,  by  Prince  do  Polignao ;  Double- 
cylinder  Horizontal  Engines,  by  Scribe,  and  by 
Ijandtsheer ;  Fosavy's  Horizontal  Blowing  Engine,  by 
Perard,  317 ;  Corliss  Engines  by  the  Magdeburg- 
Hamburg  Steam  Navigation  Company,  and  by  the 
Spmttau  Iron  Foundry ;  Remarks  on  the  Corliss 
Engine ;  WoolCs  Beam  Engine,  by  Egells ;  Hori- 
zontal Condensing  Engine,  by  nartmann  ;  Rotary 
Steam-engine,  by  Scheutz,  318;  Allen  Engine,  Hori- 
zontal,  by  Porter,  319. 

Chapter  XII.  Stationary  Steam  Boilers,  p.  320. — 
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L  — RAILWAY  PLANT. 


CHAPTER  L 

INTRODUCTION. 

MORE  than  two  hundred  years  ago,  Master 
Beaumont,  "a  gentleman  of  great  in- 
genuity and  rare  parts,  adventured  into  our 
mines  [near  Newcastle]  with  his  .£30,000,  who 
brought  with  him  many  rare  engines  not  known 
then  in  those  parts,  as  the  art  to  boo  re  with  iron 
rods,  to  try  the  deepncsse  and  thicknesse  of  the 
coale  ;  rare  eugines  to  draw  water  out  of  the 
pits  ;  waggons  with  one  horse  to  cany  down 
ooales  from  the  pits  to  the  staythes  on  the  river, 
etc  Within  a  few  years  he  consumed  all  his 
money,  and  rode  home  upon  his  light  horse." 
This  was  probably  at  the  beginning  of  railways, 
the  ex]ierimental  stage,  when  capital  was  sunk, 
individuals  ruined,  and  the  public  benefited. 
In  1G7G,  railways  consisted  of  rails  of  timber, 
exactly  straight  and  parallel,  and  bulky  carta 
were  made,  with  four  rollers  fitting  the  rails, 
"  whereby  the  carriage  was  so  easy,  that  one 
horse  would  draw  down  four  or  five  chaldron  of 
coals,  and  was  immense  benefit  to  the  coal 
merchants."  At  that  time,  the  railways  had 
become  remunerative,  and  proved  themselves  to 
be  legitimate  speculations. 

A  hundred  years  later,— about  one  hundred 
years  ago, — cast-iron  wheels,  and  subsequently 
cast-iron  rails,  were  introduced  ;  and  about  fifty 
years  ago,  wrought-iron  rails  were  laid  down  in 
lieu  of  cast-iron.  About  the  same  time,  steam 
locomotives  on  railways  were  introduced  by  Mr. 
Trevithick,  to  supersede  horse-power;  and  the 
inventiveness  of  the  father  cropjied  out  at  the 
Great  Exhibition  of  1851,  in  the  conspicuous 
"Cornwall"  locomotive,  designed  and  exhibited 
by  his  eldest  son.  In  1814,  Mr.  George  Ste- 
phenson constructed  his  first  locomotive ;  and 
the  year  1829  was  made  famous  in  the  annals 
of  railways  for  two  things  : — the  opening  of  the 
Liverpool  and  Manchester  Railway,  the  type 
and  forerunner  of  modem  railways  ;  and  the 
invention  and  construction  of  the  first  high-speed 
locomotive  of  the  standard  modern  type : — the 
railway  and  the  locomotive  by  Mr.  Stephenson 
and  his  son,  Mr.  Robert  Stephensou.  This 
engine,  the  "  Rocket,"  weighed  4  tons  5  cwt ;  its 
tender,  3  tons  4  cwt.  It  comprised  the  three 
element*  of  efticiency  of  the  modern  locomotive  : 


j  tho  internal  water-surrounded  firc-lwx,  and  the 
multitubular  flue  in  the  boiler,  being  a  number 
of  small  tubes  in  place  of  one  large  tube  ;  the 
blast-pipe,  from  which  the  waste  steam  of  the 
engine  was  exhausted  up  the  chimney  ;  and  the 
direct  connection  of  the  steam  cylinders,  two  in 
number,  one  on  each  side  of  tho  cngiue,  with  the 
driving  or  propelling  wheels  on  one  axle.  The 
key-note  was  struck  ;  constructors  on  all  sides 
worked  each  in  his  own  way  at  the  locomotive, 
to  improve  the  details  and  increase  the  efficiency, 
and  for  many  years  the  practice  of  builders  was 
moulded  into  two  general  classes  of  engines, — 
with  two  cylinders  placed  horizontally  inside  tho 
smoke-box  under  the  chimney,  and  otherwise 
essentially  similar  to  each  other,  except  in  one 
great  feature — the  number  and  disposition  of  tho 
wheels — some  having  six  wheels,  others  four. 
Eventually,  six  wheels  were  applied  to  all  ordi- 
nary locomotive  stock.  Scarcely  had  the  wheel 
controversy  been  settled,  when  the  system  of 
outside  cylinders  with  straight  axles  was  re- 
introduced, as  opposed  to  the  system  of  inside 
cylinders  with  cranked  axles,  each  with  its 
special  characteristics ;  outside  cylinders  afforded 
additional  facilities  for  increasing  the  power  and 
convenience  of  the  engines  on  uarrow-gaug© 
railways,  in  order  to  comjHjto  with  the  inside- 
cyliuder  engine,  retained  on  the  broad  gauge  ; 
but  the  unsteadiness,  unsafe  at  high  speeds, 
induced  by  the  external  and  wide-spread  reci- 
procating masses  in  tho  outsido  system,  was  found 
to  be  a  serious  objection  to  its  adoption  and 
extension.  Mr.  Crampton,  then,  in  1843,  solved 
the  problem  for  passenger  locomotives,  to  obtain 
power,  speed,  and  stability  in  all  its  fulness, — 
combining  a  low  centre  of  gravity  with  outside 
cylinders,  a  large  driving-wheel,  and  a  powerful 
boiler.  The  reciprocating  masses  spent  their 
action  upon  the  driving-axle,  which  was  placed 
at  the  end  of  the  engine,  behind  the  tire-box, 
and  were  for  the  most  part  deprived  of  the 
power  of  swaying  the  machine.  The  most 
powerful  engine  of  this  class,  the  "  Liverpool," 
weighing  35  tons,  the  tdtimatwn  of  ]>ower  for 
tho  narrow  gauge,  was  exhibited  in  1851,  along- 
side its  magnificent  rival,  the  "Lord  of  the 
Isles,"  passenger  locomotive  on  the  broad  gauge, 

'  also  weighing  35  tons. 

It  had,  nevertheless,  been  discovered  that  the 
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objectionable  unsteadiness  of  ordinary  outside- 
cy  Under  engines  could  bo  partially  remedied 
by  the  application  of  counterweights  in  the 
driving  wheels,  bo  proportioned  as  to  balance 
the  revolving  portions  of  the  machinery ;  and 
that,  in  fact,  it  could  be  advantageously  em- 
ployed also  with  inside  cylinders.  In  184o 
Mr.  Fcrnihough  found  that  the  whole  of  the 
reciprocating,  as  well  as  the  revolving,  masses 
could  be  balanced  by  a  weight  in  the  wheel ; 
but  his  results  do  not  appear  to  have  been 
generally  appreciated.  In  1852,  the  Author 
first  publicly  investigated  and  advocated  in  this 
country  this  system  of  balanciug  engines  ;*  and 
ho  adopted  it  in  the  locomotives  designed  by 
him  for  the  Great  North  of  Scotland  Railway, 
in  18.5.3,  with  the  most  satisfactory  results, 
operating  as  a  perfect  corrective  of  unsteadiness 
by  internal  disturbance,  at  all  speeds.  This 
system  of  balancing  is  now  almost  universally 
adopted  for  both  outside  and  inside  cylinders ; 
and  that  baneful  element  of  instability  having 
been  eliminated,  outside  cylinders  have  grown 
into  more  general  favour,  and  the  result  has  been 
a  decided  preponderance  of  outside  cylinders  over 
inside  cylinders  at  tho  International  Exhibition 
of  1863. 

Tho  best  and  most  recent  practice  of  locomo- 
tives, particularly  in  the  United  Kingdom,  was 
fairly  exhibited  in  18G2.  But  in  variety,  bold- 
ness, and  originality  of  design,  English  exhibitors 
were  surpassed  by  their  continental  neighbours. 
Twenty  locomotives  were  exhibited,  of  which 
eleven  were  sent  from  the  United  Kingdom, 
three  from  France,  one  from  Belgium,  two  from 
Austria,  one  from  Prussia,  one  from  Saxony,  and 
one  from  Italy.  Fourteen  locomotives  had  out- 
Bide  cyliuders,  and  six  had  inside  cylinders.  In 
seven  of  the  English  engines  the  cylinders  were 
outside,  in  four  they  were  inside.  Most  of  them 
were  specially  constructed  for  burning  coal — a 
specialty  which  has  been  introduced  entirely 
since  1851,  on  account  of  the  less  cost  of  coal 
for  fuel,  as  compared  with  coke. 


CHAPTER  IT. 

HISTORICAL  ACCOUNT  OF  COAL  BUKXUJG  IX 
LOCOMOTIVES. 

The  physical  conditions  of  the  complete  com- 
bustion of  coal  arc, — first,  that  the  introduction 
of  air  should  be  in  sufficient  quantity,  and  suit- 
ably distributed  amongst  the  solid  and  gaseous 
portions  of  the  fuel  in  the  furnace,  altogether 
or  partially,  through  the  grate,  and  partially 
above  the  fuel,  directly  to  the  gases  ;  secondly, 
that  the  temperature  should  be  maintained  suffi- 

•  See  "  Railway  Machinery,"  by  I).  K.  Clark,  - 
Blackie  &  Son,— hi  which  tlm  author  has  fully  investi- 
gated tho  causes  of,  and  remedial  for,  instability  iu 
locomotives. 


cicntly  high  within  the  furuacc,  so  that  it  should 
not  be  lowered  by  external  causes,  during  the 
combustion  of  the  hydro-carbon  gases,  in  order 
to  effect  tho  union  of  the  element  of  carbon  with 
its  full  proportion  of  oxygen  ;  and  thirdly,  that 
the  combustible  gases  should  bo  thoroughly 
mixed  with  their  supply  of  air. 

With  tho  limited  fire-box  of  a  common  loco- 
motive boiler  to  deal  with,  engincmen  have  had 
recourse  to  various  ways  of  treating  the  fire,  in 
order  to  diminish  the  nuisance  of  smoke.  They 
have  relied  chiefly  on  the  instrumentality  of  the 
ash-pan,  the  dampers,  and  the  fire-door,  for 
carrying  out  a  system  of  careful  firing.  They 
have  endeavoured  to  prevent  the  formation  of 
smoke  by  controlling  the  admission  of  air  through 
the  grate,  and  adjusting  it  precisely  to  the  re- 
quirements of  the  fuel ;  by  similarly  manoeu- 
vring the  fire-door  for  the  admission  of  air  above 
the  fuel ;  by  stoking  with  large  pieces  of  coal 
and  deep  fires  for  heavy  duty,  and  smaller  coal 
with  shallow  fires  for  lighter  duty;  by  firing 
more  frequently,  to  lighten  the  duty;  and  at  all 
times,  by  keeping  the  bars  covered  with  fuel,  to 
prevent  excessive  local  draughts  through  the 
grate.  That  much  may  be  effected  by  these 
|  means,  there  is  no  doubt.  It  is  well  understood 
i  that  the  nuisance  of  smoke  on  entering  or  waiting 
at  stations  may  be  very  much,  or  in  some  cases 
I  even  altogether,  subdued,  by  thoroughly  closing 
1  the  ash-pan,  and  by  opening  wide  the  fire-door. 
Low-pitched  doorways  at  the  level  of  the  fuel 
introduce  fresh  air  to  greater  advantage  than 
those  which  are  set  high,  as  the  air  through 
the  low  door  mixes  more  quickly  and  more 
freely  with  the  gases  as  they  rise.  It  was, 
accordingly,  found  advantageous  to  adopt  the 
practice  of  charging  the  fresh  coal  chiefly  under 
the  fire-door  upon  the  hind  part  of  the  grate, 
and  subsequently,  when  relieved  of  its  gaseous 
element,  pushing  it  forward  towanls  the  tubes, 
thus  making  way  for  a  succeeding  charge  behind. 
Such  have  been  the  usual  modes  of  treating  coal, 
as  fuel,  in  locomotive  boilers  of  the  normal  typo, 
in  their  normal  condition.  But  the  elaborations  of 
practice  iu  stoking  ordinary  boilers  have  been  to 
a  considerable  extent  suj>erseded,  within  the  last 
few  years,  by  the  methods,  receutly  introduced,  of 
admitting  air  above  the  fuel,  near  its  surface,  and 
amongst  the  combustible  gases.  These  methods 
may  be  classed  as  acting — first,  by  currents  of 
air  introduced  through  tubular  or  other  open- 
ings in  the  sides  of  the  fire-box,  uniformly 
distributed  over  the  surface  of  the  fuel;  and 
secondly,  by  the  deflection  of  a  body  of  air 
introduced  through  the  doorway,  ujxm  and  over 
the  surface  of  the  fuel.  A  different  principle  of 
operation  has  also  been  introduced,  by  construct- 
ing large  and  spacious  fire-boxes,  with  large 
grates  aud  long  runs. 

The  three  leading  classes  of  coal- burning 
boilers,    thus   indicated,  are   variously  repre- 
,  sentcd,  iu  chronological  order,  by  the  annexed 
|  diagrams ;  and,  first,  the  adaptation  of  large  ex- 
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fire-boxes  and  combustion  chambers,  bv 
Mr.  Mt'onncll,  in  1853  (fig.  1);  by  Mr.  Beattie, 
in  18/i5  (fig.  2)j  and  by  Mr.  Cudwortb,  in 
1857  (fig.  3). 

In  Mr.  M 'Council's  plan  there  is  a 
large  grate,  a  long  run,  and  air-tubes 
through  the  front  and  sides ;  and  the 
system  provides  tho  greatest  practic- 
able area  of  fire-grate,  in  order that the 
coal  may  burn  with  moderate  inten- 
sity and  free  from  clinker,  and  that 
plenty  of  air  may  pass  into  the  fire- 
box, through  the  grate,  to  consume 
the  gases.  The  combustion  is  assisted 
by  the  introduction  of  air  through 
the  front  and  sides  of  the  fire-box  ; 
and  a  large  capacity  anil  length  of 
run  arc  provided  by  adding  a  com- 
bustion-chamber, which  is  simply  an 
extension  of  the  fire-box  into  tho 
barrel  of  tho  boiler.  To  provide  for 
alternate  firing,  the  fire-box  is 
divided  longitudinally  into  two  compartments. 
This  plan,  with  good  management  and  the  use 
of  a  steam-jet  in  the  chimney  when  the  engine  is 
at  rest,  is  tolerably  effective  in  preventing  smoke. 

In  Mr.  Beattie's  boiler,  as  in  Kio 
Mr.  M'Connell 's,  tho  grate  is  large, 
and  the  run  is  divided  and  ex- 
tended by  the  addition  of  a  com- 
bustion-chamber projected  into  the 
barrel,  with  brick  arches  and  tiles. 
The  fire-box  isdivided  transversely 
into  two  compartments  by  an 
inclined  water-space  diaphragm. 
Both  compartments  are  arched 
over  with  fire-tiles  at  narrow  in- 
tervals ;  the  combustion-chamber 
also  is  stocked  with  ]>erforuted 
or  curved  tiles,  placed  at 
distance  clear  of  tho  tubes. 
The  fire-tiles  receive  and  retain  a 
portion  of  the  heat  from  the  passing 
gases  when  the  fuel  is  incandescent  and  smoke- 
less, and  restore  it  to  the  smoke  passing  from 

Fiu.  3. 


and  air ;  and  partly  by  mixing,  and,  it  is  sup- 
posed, partly  by  heating,  they  promote  combus- 
tion. The  first  furnace  is  the  most  actively 
worked  ;  the  second  is  chiefly  designed  to  carry 


Coal-diusiko  Locouoriri,  by  Mr.  J. 
dirided  longitudinally  by  •  - 


K.  M'Connell.  1«3 ;  with  the  fire-box 
anil  combustion-chamber,  for 


incandescent  fuel  ;  and,  by  means  of  independent 
ash-j>aus  and  dumpers,  the  admission  of  air 
through  the  grate  may  be  adjusted  to  each  fur- 
Air  is  also  admitted  through  the  doors 


Coal-busing  Locomotive,  by  Mr.  J 


lWtlir,  1^-,;  with  fire-brick 
ult?d  with  tlre-tilM. 


J.  Cudwurlh,  MAT;  with 


COAL-BVI*tSG  LocoMOtlvg,  by  Mr. 
inclined  grat 
firing. 

fresh  coal  ;  thus  acting  as  equalizers  of  temi»era- 
ture.    The  tiles  also  break  up  and  mix  the  gases 


by  small  apertures,  and  similarly  through  the 
back  of  the  iirc-box  by  slides.  The  gases  from 
tho  first  and  principal  furnace  pass  through  tho 
tilo  bridge,  are  deflected  by  the  hanging  trans- 
verse diaphragm  towards  the  hot  fire  in  the 
second  furnace,  and  then  pass  through  the  second 
tile  bridge  and  the  mass  of  tiles  in  the  combus- 
tion-chamber before  they  enter  the  tubes.  The 
object  of  this  invention  is  to  equalise  tho  tem- 
perature of  the  gases,  to  prepare  the  colder  gases 
for  ignition,  under  all  fluctuations  of  tempera- 
ture, and  also  to  i>crfect  the  mixture  of  the  gases 
and  air,  in  order  to  effect  their  entire  combus- 
tion. An  auxiliary  steam-jet  is  opened  into  the 
chimney  wheu  the  blast  is  off,  to  stimulate  tho 
draught,  and  to  prevent  smoke.  This  plan 
works  very  well. 

Mr.  Cudworth's  plan  combines  an  inclined 
grate  with  a  long  run.    The  incandescent  fuel 
slides  forward,  and  the  fresh  coal  is  charged  near 
the  doorway.    The  fire-box  is  divided  by  a  lon- 
b  2 
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gitudiuul  diaphragm  into  two  compartments, 
making  two  furnaces,  which  unite  in  front  of 
the  tube-plate.  With  the  aid  of  an  auxiliary 
jet  in  tho  chimney,  Mr.  Cud  worth's  plan  may  be 
made  tolerably  effectual  in  preventing  smoke. 

But  it  was  necessary  to  adapt  the  existing 
engines,  as  they  were,  for  burning  coal  without 
smoke  by  simple  means,  and  independently  of 
extensive  structural  alterations.  This  had  been 
attempted  by  Messrs.  Gray  <t  Chanter  in 
1837,  and  again  in  1839.  They  divided  the 
fire-box  into  two  comjwrtments,  one  for  coal  and 
the  other  for  coke ;  they  also  admitted  air  in 
streams  through  tubes  in  tho  walls  of  the  fire- 
box, and  they  were  the  first  who  applied  a  steam- 
jet  in  the  chimney,  when  the  blast  was  off,  to 
maintain  a  draught  Mr.  Dewrance,  in  1845, 
divided  the  fire-box  into  two  partfl — the  furnace 
and  combustion -chamber.  Messrs.  Dubs  cfc 
Douglas,  in  185G,  constructed  a  deflecting  mid- 
feather,  proceeding  from  the  back  of  the  fire- 
box towards  the  tube-plate,  to  throw  down  the 
smoke  over  tho  incandescent  fuel ;  and  Messrs. 
Evans  «fc  Dubs,  in  1857,  added  to  this  a 
movable  inclined  grate,  capable  of  being  raised 
or  lowered  for  the  management  of  the  fire. 
After  various  attempts,  Mr.  Yarrow,  in  1857, 
projected  an  arch  of  brick  from  the  tube -plate 
towards  tho  fire-door,  and  admitted  air  through 
tubes  in  the  tube -plate  under  the  arch,  and 
through  the  fire-door,  to  mix  with  the  smoke. 

He  subsequently 
superseded  the  air- 
tubes  by  upright  air- 
bars  near  the  tube- 
plate  (6g.  4).  In  the 
same  year,  Mr.  Jen- 
kins, admitting  air 
through  numerous 
air-tubes  in  the 
tube-plate,  applied 
a  curved  partition 
throw  forward  the  air, 


Fig 


Coal-birkiik.  Doilir,  by  Mr.  T. 
Yarrow,  1*57  ;  with  itro-brick 
arch  and  air-bam. 


Fio.  8. 


across  the  fire-box  to 

distributing  it  through  numerous  small  holes  at 
the  upper  part.  He  regulated  the  supply  of  air 
by  a  damper,  and 
more  recently  he 
added  a  row  of  air- 
tubes  under  the  fire- 
door  (fig.  5). 

Towards  the  end 
of 1857,the  Author, 
believing  that  a 
simple  means  of  in- 
creasing the  BUpply 
of  air,  and  forcibly 
distributing  and 
mixing  it  with  the 
smoke  in  a  common 
open  fire-box,  inde- 
pendently of  inter- 
nal appliances,  was  a  desideratum,  devised  his 
system  of  steam-inducted  air-currents,  in  which, 
in  its  simplest  form,  air-currente  ore  admitted 


Coal- nnsixo  Don  vi,  by  Mr. 
Jenkina.  1357  :  with  air-tub** 
and  arched  deflector. 


just  above  the  fuel,  by  tubes  or  otherwise, 
through  tho  sides  of  tho  fire-box,  and  are 
forcibly  accelerated  by  means  of  jets  of  steam 
directed  from  the  outside  through  the  openings 
into  and  across  the  fire-box ;  the  steam -nozzles 
operating  through  the  air-tubes,  as  the  blast 
does  in  the  chimney.  In  December,  1857, 
the  Author  applied  his  system  to  one  *ide 
of  a  small  stationary  locomotive  boiler  at  the 
railway  foundry,  New  Cross.  There  were  two 
air-tubes,  and  a  jet  of  steam  to  each  tube,  front 
small  nozzles  on  the  outside,  1-1  Gth  of  an  inch 
in  diameter,  to  increase  the  quantity  and  velo- 
city of  the  air  introduced.  This  simple  ap|>a- 
ratus  was  for  several  months  in  operation,  and 
the  dark  smoko  which  was  discharged  when  it 
was  not  iu  action  was  entirely  prevented  by 
its  use.  In  January,  1858,  a  tank-engine  on 
the  North  London  Railway  was  fitted  with 
four  air-tubes,  1$  inch  in  diameter,  through  one 
side  only,  the  other  being  inaccessible  ;  with  the 
assistance  of  jets  of  steam  of  1-1  Gth  of  an  inch, 
sinoke  was  completely  prevented  when  tho  sur- 
face of  the  fuel  was  below  the  level  of  the  air- 
tubes.  In  April,  1858,  a  passenger  engine 
on  the  Eastern  Counties  Railway  was  fitted 
with  a  row  of  air-tubes  on  each  side, — four  on 
one  side,  and  three  on  the  other, — with  steam 
nozzles,  one  to  each  air-tube.  With  this  appli- 
cation, the  engine  worked  the  main-line  trains 
for  eight  or  nine  months,  and  the  smoke  was  iu 
general  effectually  prevented.  In  January, 
1859,  a  passenger  engiiie  on  the  South  Eastern 
Railway  was  fitted  and  put  to  work  with  two 
rows  of  air-tubes  through  the  front  and  back 
walls  of  the  fire-box,  seven  in  each  row,  or 
fourteen  in  all,  with  induction -nozzles  to  every 
tube.  On  the  Great  North  of  Scotland  Railway 
an  engine  was  fitted  on  the  Author's  system 
with  front  and  back  air-tubes,  under  tho  direc- 
tion of  Mr.  Cowan,  the  locomotive  superinten- 
dent &ud  was  started  in 
March,  1859.  The  results 
have  been  in  all  resj>ecta 
satisfactory,  and  the  same 
system  has  been  applied  by 
the  superintendent  to  tho 
entire  locomotive  stock  of 
that  railway.  Fig.  G  shows 
its  application  to  the  goods 
engines.  In  1859,  one  of 
the  old  passenger  engines  of 
the  London  and  Brighton 
Railway  was  fitted  with 
the  Author's  apparatus,  a 
row  of  air- tubes,  and  in- 
duction-jets in  the  front 
only.  Accidental  circum- 
stiuces  rendered  impractic- 
able the  insertion  of  air- 
tubes  in  the  back.  Smoke 
was  effectually  prevented,  except  when  heavy 
charges  of  coal  were  delivered  at  once. 

Un  the  Great  Western  Railway,  coal-smoko 
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CoAi.-nnsmo  Fiie-dot, 
by  U.K. Clark.  lM7-5»  t 
with  air -rub*. 
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has  been  burned  by  admitting  air  into  the 
fire-box  over  the  fuel  by  numerous  air-tubes, 
regulated  by  slides,  through  the  front,  aides, 
and  back.  On  the  Oxford,  Worcester,  and 
Wolverhampton  Railway,  a  system  was  intro- 
duced by  Mr.  Edward  Wilson,  in  1858,  in  which 
air  ia  conducted  from  the  front  of  the  smoke- 
box,  through  several  of  the  lower  flue-tubes,  into 
the  fire-box  (fig.  7).    On  the  Northern  Division 

Fia.  7. 


Co  a  r,  -  ii  r  e  s  t  v  n 
Ft  ii  -  box,  by 
Hnm,  Ltet  and 
Jacques,  1958 ; 
with  a  brick  arch 
ami  door**?  de- 


CoiL-arisnro  Bon.it,  by  Mr.  B.  Wilson,  1938 ;  with  air-tubes  through 


of  the  London  and  North  -Western  Railway, 
Mr.  Ramsbottom,  in  1859,  introduced  air  under 
a  brick  arch  by  two  openings,  seven  inches  square, 

through  the  front  of 
the  fire-box  (fig.  8). 

With  respect  to 
the  class  of  contri- 
vances, acting  by 
deflection,  the  ini- 
tiative appears  to 
have  been  taken  on 
the  Birkenhead 
Railway  by  Mr. 
Douglas,  who,  in 
January,  1858,  aj>- 
plied  a  deflecting 
inner  side  of  the  door, 
openings  in  which  air  was  admitted, 
hence  the  air  passed,  and  was  deflected  to- 
wards the  fueL  In  June,  1858,  on  the  same 
line,  a  movable  deflect- 
ing-plate,  and  an  under- 
hung door,  with  a  sec- 
tor, and  notches  to 
regulate  the  oj>ening 
for  air,  was  applied, 
and  more  recently  a 
plain  inverted  scoop 
or  shovel  (tig.  9).  In 
July,  1858,  on  the 
East  Lancashire  Rail- 
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Jacques  fixed  tho  deflector  to  the  door,  which 
was  under -hung,  and  was  provided  with  a 
valve,  the  ojiening  of  which  was  regulated  by 
a  nector.  They  built  in  addition  a  narrow 
brick  arch  against  the  tube -plate,  so  that  tho 
Riuoke  and  air  might,  by  their  combined  action, 
be  better  intermixed  (tig.  10).  In  December, 
1858,  Mr.  Sinclair,  on  tho  Eastern  Counties 
Railway,  applied  a  baffle  plate  inside  tho  fire-box, 
hung  over  the  doorway,  aud  an  under-hung  door 


Fio.  11. 


regulated  by  notches,  with  two  steam-roses,  one 
on  each  side  of  the  fire-box,  to  project  steam 
downwards  upon  the  fuel  when  the  blast  was  off. 
This  system  was  introduced  by 
Mr.  Frodsham  (fig.  11).  In 
1858-9,  an  inverted  shovel  or 
scoop,  similar  to  Mr.  Douglas's, 
but  longer,  was,  and  lias  since 
been,  extensively  introduced, 
being  placed  in  the  doorway, 
and  inclined  towards  the 
centre  of  the  fire,  in  order 
to  deliver  the  air  directly 
on  the  top  of  the  fueL 

It  has  not  been  attempted 
in  the  foregoing  notices  to 
describe  all  the  plans  that 
have  been  designed  for  the  purpose  of  con- 
suming coal  without  smoke  in  locomotives ; 
the  intention  has  been  to  show  generally 
the  directions  in  which  engineers  have 
ojierated  for  the  means  of  insuring  complete 
combustion.  There  is  one  feature  of  consider- 
able importance  which  is  common  to  all  —  tho 
steam  blowpipe,  or  auxiliary  jet,  in  the  chimney. 
This  is  made  use 
of  for  the  purpose 
of  continuing  the 
draught  of  the 
furnace  when  the 
powerful  artifi- 
cial stimulus  of 
the  blast  is  at 
intervals  sus- 
pended. 

The  necessity 
for  admitting  a 

supply  of  air  above  the  fuel  is  understood  and 
acknowledged  by  all,  whether  it  is  introduced 
through  the  grate  or  otherwise.  When  the  grate 
is  very  large,  and  a  thin  fire  is  maintained,  the 
supplyof  air  may  be  taken  almost  entirelythrough 
the  grate.  It  is,  however,  indispensable  to  this 
mode  of  managing  the  fire,  that  the  fuel  should 
be  carefully  supplied  at  short  intervals,  and  in 
small  quantities,  uniformly  distributed :  in  recog- 
nition of  the  principle,  that  the  more  nearly 
uniform  tho  supply  of  fuel,  the  more  so  is  the 
generation  of  combustible  gases,  and  the  more 
probable,  accordingly,  is  the  combustion  of  these 
gases  and  the  prevention  of  smoke.  With  in- 
clined grates,  of  course,  tho  fuel  is  only  deposited 
near  the  entrance,  and  it  finds  its  way  down  by 
gravitation  ;  and  their  greater  ease  of  manage- 
ment in  this  respect,  notwithstanding  the  fre- 
quent stoking  thny  require  compared  with  ordi- 
nary level  grates,  mainly  constitutes  their 
superiority.  With  small  or  moderate-sized  level 
grates,  a  coal-fire  demands  still  greater  care  than 
with  larger  grates,  where  smoke  is  to  be  pre- 
vented by  air  from  the  grate.  The  firing  must 
be  still  more  frequent,  and  as  the  door,  of  course, 
is  moro  frequently  opened,  another  evil  is  in- 
curred—the admission  of  a  large  proportion  of 
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cold  air  into  the  fire-box,  most  of  which  passes 
oft*  unburnt  through  the  tubes,  chilling  the 
l>oiler,  and  checking  the  production  of  steam. 
Such  evils  are  much  reduced  in  magnitude  by 
the  simple  process  of  admitting  fresh  air  for  the 
combustion  of  the  gases  otherwise  than  through 
the  fuel,  in  greater  or  less  proportions,  according 
as  it  may  be  utilised  ;  and  as  this  independent 
admission  of  air  is  a  very  simple  process,  there 
can  be  no  reason  for  endeavouring  to  disj>ense 
with  it  Length  of  run  promotes  the  mixture 
of  air  and  gases  ;  and  in  Mr.  Beattie's  boiler  the 
mixture  is  further  advanced  by  the  interposition 
of  fire  tiles.  The  brick  arch  in  the  common 
fire-box  operates  beneficially  in  the  same  way, 
doubling  the  run  and  promoting  the  mixture. 
The  baffle-plate,  the  hood,  and  the  scoop,  oj>erate 
reversely,  and  with  considerable  success,  by  in- 
verting the  draught  of  the  air  admitted  through 
the  doorway,  and  directing  it  over  the  surface  of 
the  fuel.  The  baffle-plate  is  objectionable  in  in- 
ducing by  its  action  the  suction  of  particles  of 
coal  through  the  fine-tubes,  and  the  burning  of 
the  Bmokc-box,  unless  counteracted  by  an  internal 
brick  arch  ;  and  the  system  requires  a  powerful 
blowpijie  in  the  chimney.  To  insure  the  prompt 
and  effective  mixture  of  the  air  and  gases,  the 
air  should  be  admitted  and  distributed  at  the 
surface  of  the  fuel.  But  the  ample  admission 
and  intimate  intermixture  of  air  with  the  gases 
above  the  fuel  must  be  effected  in  conjunction 
with  a  sufficiently  high  tem]>eraturc ;  and  this 
coudition  has  led  to  the  adoption  of  various 
modes  of  heating  the  air  or  the  gases,  or  both, 
prior  to,  or  at  the  time  of  mixture.  Mr. 
M'Connell  suggested  the  use  of  an  air-chamber 
within  the  smoke-box,  in  which  air  was  designed 
to  be  heated,  and  led  into  the  fire-box  through 
tubes.  Mr.  Wilson  conducts  air  from  the  front 
through  the  smoke-box  and  the  boiler  by  a 
number  of  the  flue-tubes,  and  these  also  par- 
tially heat  the  air  on  its  way  to  the  fire-box, 
cooling  the  water  in  a  proportionate  degree. 
Mr.  John  Gray  established  a  coke  fire  on  a  sup- 
plementary grate,  as  a  reservoir  of  heat  within 
the  fire  chamber  ;  and  Mr.  Bcattie  embodies  his 
reservoir  in  masses  of  fire-brick.  Others  attempt 
to  heat  the  air  by  conducting  it  ]»rtiavlly  over 
the  surface  of  the  fire-box  shell.  Expedients  of 
this  class  oj>erate  in  some  degree  advantagoously ; 
but  in  the  adoption  of  such  supplementary  con- 
trivances, it  appears  to  have  been  overlooked  that 
there  is  abundance  of  heat  within  the  iucandes- 
cent  fuel  itself  to  supply  the  demand  for  tempe- 
rature.  The  problem  appears  to  resolve  itself 
into  the  immediate  and  thorough  intermixture 
of  a  plentiful  but  regulated  supply  of  air  with 
tho  ascending  smoke  or  combustible  gases,  at  or 
near  to  the  surface  of  fuel.  Practically,  it  is 
found  necessary  for  this  object  to  oj>ernte  from 
both  the  front  and  the  back  of  the  fire-box  ;  ad- 
mitting air,  or  using  arches,  deflectors,  or  bafflers, 
or  doing  both,  as  has  already  been  described. 
But  these  contrivances,  which  deal  with  air  in 


bulk,  though  generally  effective  in  preventing 
smoke,  are  usually  attended  by  the  escajve  of  a 
considerable  quantity  of  unconsumed  air  through 
the  flue-tubes,  and  a  difficulty,  in  many  cases,  in 
keeping  up  the  steam  at  high  speeds.  The 
various  forms  of  doorway  deflectors  are  also  ob- 
jectionable, as  previously  stated,  facilitating  by 
their  mode  of  action  the  suction  of  particles  of 
coal  through  the  tubes,  and  the  burning  of  the 
smoke-box,  unless  counteracted  by  an  internal 
arch.  The  Author  has  found,  by  experience, 
that  to  burn  smoke  when  the  engine  is  running, 
it  is  sufficient  tbat  the  air  should  be  admitted  at 
or  near  the  surface  of  the  fuel,  by  air-tubes  dis- 
tributed over  tho  width  of  the  fire  box  in  the 
front  and  the  back,  without  tho  aid  of  internal 
arches  or  deflectors.  The  draughts  of  air, 
through  the  front  tul>es  particidarly,  are  very 
strong  when  the  engine  runs  ahead,  and  they 
carry  the  currents  into  the  middle  of  the  fire- 
box, where  they  meet  the  counter-currents  from 
the  back,  effect  tho  mixture  of  the  air  and 
smoke,  and  prevent  the  suction  of  small  coal 
through  the  tubes.  But  in  all  systems  applied 
to  ordinary  fire-boxes,  operating  by  means  of 
the  draught  available  in  a  locomotive  engine, 
aided,  when  the  blast  is  off,  by  the  Bteam-jet  in 
the  chimney,  range  of  power  is  wanting  to  over- 
take tho  extremes  of  intense  ignition  and  rapid 
generation  of  smoke-making  gases,  immediately 
after  the  steam  is  shut  off,  or  when  fresh  fuel  is 
added  ;  and  also  to  suit  itself  to  the  quiet  state 
of  the  fire  when  the  glow  and  excitement  sub- 
side, as  well  as  to  all  the  varying  conditions  of  a 
locomotive  furnace.  The  means  of  extending 
the  range,  volume,  and  power  of  the  air-currents, 
and  of  adjusting  them  to  the  wants  of  the  fur- 
nace, are  supplied  by  the  instrumentality  of  the 
jets  of  steam  employed  by  the  Author  as  a 
means  of  inducting  and  accelerating  currents 
of  air.  The  steam  nozzles,  with  the  air-tubes 
towards  which  they  aro  pointed,  are  like  so 
many  miniature  blast-pipes  and  chimneys  turned 
into  the  fire-box  ;  and  they  possess,  relatively, 
the  same  power  of  urging  and  creating  draught 
By  this  method  of  steam  induction,  the  air- 
currents  are  delivered  with  such  precision  and 
velocity  as  to  sweep  the  whole  surface  of  the 
fuel,  and  forcibly  to  distribute  tho  air  amongst 
the  gases.  Of  the  virtue  of  forciblo  impinge- 
ment in  promoting  and  accelerating  combustion, 
numerous  examples  occur  in  ordinary  practice. 
It  is  in  virtue  of  this  principle  that  the  ordinary 
bellows  accelerate  ignition  ;  and  if  the  upjier 
front  of  a  fire-place  is  closed  with  a  sheet  of 
paper,  to  direct  tho  draught  through  the  bars 
upon  the  fuel  and  combustible  gases,  the  air- 
currents  so  deflected  and  forcibly  directed  upon 
them  consume  the  gases  and  prevent  smoke. 
The  contracted  neck  of  the  glass  tube  of  a 
moderator  lamp,  adjusted  so  as  to  direct  the 
ascending  air  within  the  tube  upon  the  upper 
part  of  the  flame,  increases  its  volume  and 
brightness.    In  Mr.  Beattie's  boiler,  the  smoke- 
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consuming  process  is,  to  a  great  extent,  based 
on  the  same  principle  of  forcible  mingling  of 
the  air  and  gases  amongst  each  other,  as  they 
roll  against  the  fire-tiles  and  diaphragms.  By 
the  Author's  process,  the  entire  operation,  is 
consummated  within  the  four  walls  of  an 
ordinary  fire-box,  the  inducted  currents  sweep- 
ing up  the  gases  and  forcibly  intermixing  with 
them. 

In  comparing  the  merits  and  performances  of 
various  methods  of  coal-burning  without  smoke, 
there  is  tho  difficulty  of  diversity  of  circum- 
stances to  contend  with,  as  to  weather,  fuel, 
engine,  and  duty.  Tho  Author  read  a  paper 
before  the  Institution  of  Civil  Engineers,  in 
May,  18G0,  containing  the  results  of  his  obser- 
vations on  coal-burning  in  locomotive  engines 
during  the  period  from  1854  to  1800,  from  which 
he  abstracts  the  following  particulars,  ami  to 
which  ho  may  refer  the  resider  for  fuller  details. 
Of  the  three  systems  of  extended  fire-boxes  by 
Mr.  M'Connell,  Mr.  Beattie,  and  Mr.  Cudworth, 
it  appears  that  with  nearly  equal  gross  weights, — 
102  tons  to  11G  tons  of  engine,  tender,  and  train, 
— and  at  nearly  equal  speeds,  Mr.  M 'Council's 
system  consumed  351  lb.  of  coal  per  mile,  Mr. 
Beattie's  24  lb.  (the  feedwater  heater  being 
shut  on"),  and  Mr.  Cudworth's  20  lb. ; 


or. 


per 

ton  gross,  Mr.  M'Connell  s  system  consumed 
0-31  lb.,  Mr.  Beattie's  0  2351b,  and  Mr.  Cud- 
worth's  0-225  lb.  The  evaporative  powers  rank 
in  the  same  order — i.e.,  Mr.  M'Connell's  evapo- 
rated 5-9  lb.  of  water  per  lb.  of  coal,  Mr.  Beat- 
tie's  8-31  lb,  and  Mr.  Cudworth's  8  Clb.  The 
excellence  of  Mr.  Beattie's  and  Mr.  Cudworth's 
systems  is  to  be  ascribed  to  the  proximity  of 
the  radiant -heating  surface  to  the  fuel  and 
the  flame ;  in  both  systems  the  steam  is  well 
kept  up. 

Comparing  coke  with  coal  on  similar  duty, 
whilst  Mr.  M'Connell  used  one-half  more  coal 
than  coke,  Mr.  Cudworth  employed  ujxm  the 
whole  rather  less  coal  than  coke,  the  general 
average  being  27*3  lb.  of  coke  against  25  81b. 
of  coking  coal  per  mile,  or  5£  per  ceut  less  coal 
than  coke.  But  he  found  that  coking  coal 
ranks  higher  in  evaporating  power  than  other 
coals  he  has  tried — Lord  Ward's  coal  and  Rua- 
bon  coal — of  which  the  consumption  would  be 
greater  than  that  of  coke. 

Of  the  systems  of  coal-burning  engrafted  on 
the  common  fire-box,  Mr.  Yarrow's  consumed 
26  8  lb.  of  Scotch  coal  against  22-1  lb.  of  coke 
per  mile  on  the  same  duty,  showing  an  excess  of 
4-7  lb.,  or  21  per  cent,  more  coal  than  coke 
Mr.  Jenkins  used  30-35  lb.  of  coal  against 
32'43  lb.  of  coke,  or  G  per  cent,  less  coal,  on 
the  Lancashire  and  Yorkshire  Railway.  When 
tried  on  the  Brighton  Railway,  his  system  used 
about  23  per  cent,  more  coal  than  coke.  Mr. 
Lee's  system,  on  the  Rame  line,  used  about 
-0  per  cent,  more  coal  ;  and  the  Author's 
system,  on  the  same  line  and  on  the  same 
engine  as  that  upon  which  Mr.  Jenkins's  plan 


was  tried,  used  about  7^  per  cent,  more  coal 
than  coke. 

On  the  Eastern  Counties  line  the  Author's 
system,  working  against  a  strong  wind,  used  11 
per  cent,  more  coal  than  coke,  working  in  a  calm  ; 
aud  on  the  North  Loudon  Railway  the  same 
weight  of  coal  as  of  coke  was  used — viz.,  2G  lb. 
per  mile. 

On  the  South  Eastern  Railway,  by  the 
Author's  system,  144  lb.  of  coking  coal  were 
used  against  1 G-28  lb.  of  coke  jter  mile  in  a  similar 
engine,  on  the  same  duty,  for  twelve  months, 
showing  a  consumption  of  11£  ]>er  cent,  less 
coal  than  coke.  On  tho  Great  North  of  Scotland 
line  there  has  not  been  an  opportunity  of  trying 
coke  against  coal  for  long  j>eriods,  as  coal  has  for 
several  years  been  largely  consumed  along  with 
coke  on  that  lino.  But  Engine  No.  5  was  put 
uj>on  trial  for  several  weeks,  burning  English 
coke  alone  against  different  kinds  of  Scotch  coal. 
The  trains,  as  well  as  the  weather,  were  variable  ; 
but,  under  similar  circumstances,  0  per  cent, 
less  coal  thau  coke  was  consumed  j>er  ton  of  the 
gross  moved  weight  of  the  train.  At  the  same 
time,  whilst  8g  lb.  of  water  appeared  to  be 
evaporated  per  pound  of  coke,  the  water  raised 
per  pound  of  coal  averaged  only  8  lb.  Thus, 
with  a  lower  evaporative  duty,  there  was  a 
higher  working  duty  with  coal  than  with  coke. 
This  may  be  ascribed  probably  to  the  great  com- 
mand of  steam  afforded  by  tho  use  of  coal  in 
these  engines. 

In  comparing  tho  coal-burning  practice  on 
different  linos,  tho  inferior  strength  of  Scotch 
coal  to  that  of  English  coke  and  coal  is  to  bo 
borne  in  mind.  The  frequency  of  the  stopjiagcs 
is  another  element,  as  every  stoppage  of  a 
passenger  train,  under  ordinary  circumstances, 
occasions  a  delay  of  from  three  minutes  to  five 
minutes  as  compared  with  a  through -running 
train.  Tho  table  (}w»gc  8)  contains  a  selection  of 
cases  from  the  Author's  j>aper  already  referred 
to.  It  gives  the  average  numl)er  of  vehicles 
drawn,  and  the  gross  weight  of  the  engine, 
tender,  and  train ;  the  average  distance  run 
between  the  stopping  stations;  the  average 
speed,  including  stoppages ;  tho  gross  consump- 
tion of  coal  per  train  mile,  and  per  ton  gross 
per  mile  ;  also,  in  the  last  column,  the  equivalent 
speeds  without  stoppages,  or  such  as  would  have 
been  averaged  had  there  been  no  stoppages, 
estimated  in  terms  of  an  allowance  or  deduction 
in  time  of  four  minutes  for  each  stoppage, 
actually  made  by  the  passenger  trains,  except  for 
the  Birkenhead  trains,  with  which,  owing  to 
the  frequency  of  the  stoppages,  tho  actual  delay 
is  only  three  minutes  {>er  stoppage. 

In  conclusion,  it  should  be  noted  that  the 
steam  should  always  be  kept  up  while  the  engine 
is  running.  In  nmst  of  the  systems  in  use,  a 
considerable  quantity  of  cold  air  is  drawn 
iuto  tho  flue-tubes,  the  strength  of  the  draught 
towards  the  flue-tubes  not  allowing  it  to  ap- 
proach sufficiently  near  the  surface  of  the  fire 
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to  mix  with  the  smoke.  In  Mr.  Connor's 
sjstem,  although  the  inclined  ]>late  or  deflector 
at  the  doorway  gives  the  air  a  downward  direc- 
tion, yet  when  it  is  under  the  action  of  a  strong 
blast,  the  current  undulates  over  the  arch.  In 
Mr.  Douglas's  and  Mr.  Frodsham's  systems,  the 
diverting  action  of  the  draught  is  still  more  in- 
jurious, because  there  is  no  assistance  from  a 
brick  arch  in  bringing  together  the  smoke  and 
the  air  ;  the  air  does  not  strike  upon  the  fire,  but 
goes  at  once  towards  the  tubes.  On  that  account,  I 
the  brick  arch  is  a  very  useful  adjunct  in  con- 
nection with  the  inclined  entrance  of  the  air  into 
the  box.  In  the  plan  of  Mr.  Kamsbottom,  the 
air  is  introduced  in  too  large  a  body  through 
only  two  places,  and  therefore  a  portion  of  it 
must  pass  through  unmixed.  The  air,  where  it 
enters  the  box,  Bhould  be  introduced  at  tho 
proper  level  for  immediate  mixture  with  the 
smoke. 

But  if  it  is  necessary  to  keep  up  the  steam 
wheu  the  engine  is  working,  it  is  also  important 
to  keep  down  the  steam  whilst  the  engine  is 
standing  at  tho  stations,  or  running  without 
Bteam  on.  The  chimney-blower  is  required,  in 
order  to  create  a  sufficient  current  of  air  in  the 
fire-box  to  consume  the  smoke.  Where  tubes 
are  placed  in  the  front  and  back  of  the  box,  and 
induction -jets  are  used  instead  of  a  jet  in  the 
chimney,  as  the  nozzles  operate  above  tho  level 
of  the  fuel,  the  tendency  is  to  prevent  the 
draught  through  the  grate,  and  thus  to  susjiend 
the  generation  of  smoke,  as  well  as  the  con- 
sumption of  fuel.  For  this  reason,  the  steam 
is  not  so  liable,  in  this  system,  to  rise  to  a 
dangerous  pressure. 

Another  important  point  is  the  question  of  j 
management.  It  is  desirable  that  any  system 
employed  should  be  capable  of  being  easily 
managed  ;  and  as  the  difficulty  principally  oc- 
curs at  high  speeds  with  express  trains,  that 
which  requires  the  least  fuel  and  the  least 
labour  from  the  stoker  is  the  best.  With 
deflectors  there  is  a  large  quantity  of  cold  air 
introduced  into  the  fire-box.  In  Mr.  Connor's 
plan,  for  example,  the  sectional  area  of  the  en- 
trance is  67  4  square  inches,  or  5  square  inches 
]>er  square  foot  of  grate.  In  Mr.  Ramsbottom's 
system  it  is  7  square  inches  per  square  foot  of 
grate.  In  Mr.  Frodsham's  system,  upon  the 
Eastern  Counties  Railway,  the  area  of  entrance 
is  5£  inches  per  foot  of  grate.  In  the  Author's 
apparatus  the  maximum  area  is  4  inches  j>er 
foot  of  grate. 

In  1860  a  plan  was  tried,  with  some  success, 
on  the  Caledonian  Railway,  for  supplying  the  air 
direct  upon  the  top  of  tho  fire,  through  a  short 
wide  spout  from  the  doorway.  About  the  same 
time,  the  Midland  Railway  Company  introduced 
a  brick  arch  into  the  fire-box,  in  connection  with  a 
longdeflector  plate  from  the  doorway,  and  sliding- 
doors  on  the  outside  of  the  fire-box,  consisting 
of  two  half  door-plates  connected  to  slide  simul- 
taneously, together  orajjart,  and  thus  to  regulate 


the  supply  of  air  by  the  doorway.  Mr.  Mark- 
ham,  of  Derby,  in  a  valuable  paper  on  the 
subject,*  stated  that  he  obtained  the  most  satis- 
factory results  with  a  deflector-plate  3  feet  in 
length,  and  a  doorway  18  inches  by  11  inches, 
giving  1  "1  square  foot  of  area  for  a  grate  of  1 1 
square  feet  area  ;  or  11  -3  square  inches  of  air- 
entrance  for  each  square  foot  of  grate.  This  is 
largely  in  excess  (about  three  times  as  much)  of 
what  the  Author  has  found  necessary  on  his 
system,  and  it  signifies  that  a  very  large  surplus 
of  cold  air  passes  into  the  fire-box  besides 
what  is  actually  consumed,  which  appears  to 
explain  why  Derbyshire  hard  coals  evaporated 
only  6  7  lb.  of  water  iter  lb.  of  coal,  with  his  ap- 
paratus, whilst  Durham  coke  evaporated  7-9  lb. 
per  lb.  of  coke,  or  18  per  cent,  more  water ; 
whereas,  on  the  Author's  system,  it  has  been 
found  that  coal,  with  4  square  inches  of  air 
entrance  per  foot  of  grate,  generally  evaporated 
more  water  than  was  evaporated  with  coke. 

Feedwater  Heaters. — In  tho  application 
of  feedwater  heaters  to  locomotive  engines,  Mr. 
Beattie  has  laboured  with  considerable  success, 
using  the  exhaust  Bteam  for  the  puqxwe.  The 
results  of  the  Author's  trials  of  Mr.  Beattie's 
heater  in  1856  showed  that  a  saving  was  found  of 
at  least  15  per  cent  of  fuel  by  use  of  the  heater, 
as  compared  with  cold  water, — a  conclusion  which 
has  been  confirmed  by  the  experience  of  others 
in  locomotive  practice.  In  Mr.  Beattie's  earlier 
form  of  heater,  the  feedwater  was  discharged, 
through  jKjrforations  in  the  end  of  a  pipe,  into  a 
chamber  placed  in  front  of  the  chimney,  where 
the  exhaust  steam  was  freely  admitted.  By 
this  plan  the  water  was  raised  to  a  temperature 
varying  from  180°  to  190°  with  an  ordinary 
blast,  or  212°  with  a  heavy  blast.  Mr.  Beattie 
has  more  recently  employed  a  surface  heater, 
consisting  of  a  steam-pi(>e  from  the  exhaust 
within  a  water-chamber,  the  feedwater  circulat- 
ing in  the  annular  space,  in  combination  with  a 
cistern  below  the  foot-plate,  into  which  tho  feed- 
water  is  delivered  from  the  tender,  through  a 
ball-cock,  to  regulate  the  supply,  and  is  dropped 
through  a  perforated  plate.  Into  this  chamber 
the  exhaust  steam  also  is  discharged,  after  having 
passed  through  the  annular  heating- chamber. 
In  this  apparatus,  though  it  is  complicated  and 
expensive,  the  water  is  well  heated,  but  occa- 
sionally tho  influx  of  the  water  to  tho  cistern 
has  been  prevented  by  the  counter  -pressure  of 
tho  exhaust  steam. 

Mr.  P.  Stirling,  of  the  Glasgow  and  South- 
western Railway,  tried  Mr.  Beattie's  feedwater 
heater,  and  he  found  by  comparison  with  the  use 
of  cold  water  that  a  saving  of  11$  per  cent  of 
fuel  resulted  from  the  use  of  this  apparatus. 

The  Author,  in  1859-60,  introduced  a  simple 
and  comjiact  feedwater  heater,  in  which  the 

•  Sec  "Proceedings  of  the  Institution  of  Mechanical 
Engineers,  1860." 
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Bteam  from  the  blast-pipe  is  projected  into  a 
short  tube,  in  conjunction  with  the  feedwater, 
which  is  delivered  in  a  thin  annular  sheet 
around  tho  steam-nozzle.     The  steam  forcibly 
impinges  ujx>n  and  breaks  up  the  water  into 
spray,  and  is  instantly  absorbed  by  the  water, 
which  may  be  heated  to  any  degree  of  tempem- 
jo      ture.    The  steam  operates  partly  by 
r,a'  1_"     suction,  in  inducing  the  influx  of  the 
water,  and  partly  by  driving  it  bc- 
£HMM|      lore  it,  and  so  aiding  the  hot- water 
^jwEK    pump  by  the  acquired  momentum  of 
ILjlj      tho  water.    This  apparatus  has  been 
ic  employed  on  a  DOU  -  condensing  sta- 

m*  II     tionary  engine,  of  twenty  nominal 
'-L.    horse-power,  working  at  a  pressure 
Frinw*T«*   °^  steam  of  GO  lb.  per  square  inch. 
Hkxtru,  Imt   In  its  first  form,  the  temperature 
cinrk!  two,   of  the  feedwater  was  raised  120°, 

»t»»m  h,USt  an*^  tne  "^"g  °f  f,,ftl  °y  it*  use  was 
1U  per  cent.  In  the  second  form, 
the  water  was  heated  from  3D0  to  upwards  of 
191°,  the  engine  making  forty  revolutions  per 
minute.  A  model  of  this  apparatus  was  ex- 
hibited (tig.  12). 


CHAPTER  III. 

ENOLISH  LOCOMOTIVES. 

The  accompanying  large  Table  contains  the 
principal  particulars  of  the  locomotive  engines 
exhibited,  both  English  and  foreign.  The  first 
and  tho  most  conspicuous  locomotive  engine  in 
the  English  Department  is  the  No.  373  passenger 
engine,  exhibited  by  the  Loudon  and  North- 
Western  Railway  Comjwiny,  desigued  with  special 
regard  to  the  running  of  the  express  trains  on 
the  Southern  Division.  Only  three  engines 
were  made  of  this  class,  as  it  was  found  to  be 
heavy  on  the  road,  and  heavy  on  tho  fuel.  It 
is  an  engine  of  maximum  dimensions,  and,  indeed, 
beyond  the  capacity  of  the  narrow  gauge  for 
pro|>er  working.  With  cylinders  of  18  inches 
diameter,  and  a  stroke  of  24  inches,  7  feet  G 
inch  driving-wheels,  and  2-r>  square  feet  of  grate, 
it  weighs  34  ^  tons  in  working  order,  of  which 
there  are  fully  14  J  tons  of  driving-weight  at  one 
pair  of  wheels.  With  the  tender,  weighing  25 
tons  with  fuel  and  water,  the  total  mass  to  be 
moved  amounts  to  about  GO  tons,  exclusive  of 
train-weight.  The  boiler  has  been  designed,  like 
tho  other  already  described  (fig.  1),  for  burning 
coal.  The  combustion  -  chamber  having  been 
found  iusutticient  for  the  purpose  of  mingling 
the  combustible  gases  and  consuming  them  be- 
fore entering  the  tire-tubes — which,  indeed,  was 
scarcely  to  bo  expected,  being  only  2  feet  8 
inches  in  length — the  fire-box  has  been  fitted 
with  fire-brick  arches  inside,  and  with  deflating 
plates  in  the  doorways.     The  grate  is  7  feet 


long,  in  two  parallel  strips,  and  the  enormous 
amount  of  heating  surface,  242$  square  feet,  has 
thus  been  attained  in  the  fire-box  and- the  com- 
bustion-chamber, making  what  is  called  "  direct" 
heating  surface,  more  than  has  before  l>een  at- 
tained on  tho  narrow  gauge.  But  the  advantage 
of  "direct"  surface,  or  that  which  is  exposed  to 
tho  radiant  heat  of  the  fire,  depends  entirely 
upon  it*  being  within  a  reasonable  distance  of 
the  grate  ;  whereas,  in  this  fire-box,  the  crown 
is  G  feet  3  inches  above  the  grato  ;  and  tho 
upj>er  portions  of  the  surfaco  are  nearly  ino|>era- 
tivo  for  evaporation.  The  first  concern  Ls  to 
bring  the  surface  near  to  the  fire,  or  the  fire 
near  to  the  surface  ;  hence  the  efficient  perform- 
ance of  Mr.  Cud  worth'*  boiler  (fig.  3)  with  tho 
elevated  inclined  grate,  in  which  not  only  the 
lateral  but  the  horizontal  surface  is  thoroughly 
heated  by  direct  action  ;  and  were  it  not  for 
the  greater  lalxmr  ami  attention  demanded  by 
this  triangular  form  of  fire-box,  it  would  pro- 
bably supersede  the  cubical  forms,  of  which  Mr. 
M'Connell's  and  Mr.  Bcattie's  are  types. 

The  great  extension  of  tire-box  and  com- 
bustion-chamber has  led  to  the  curtailment  of 
tho  flue-tubes  to  0  feet  4  inches  in  length,  and  to 
the  attempt  to  compensate  for  this  by  packing 
214  of  them  together  at  $-inch  distance*  apart, 
making  1)80  square  feet  of  heating  surface. 
There  is  a  general  belief  that  heating  surface  i* 
mechanically  the  equivalent  of  evaporating 
power.  This  is  a  mistake.  Besides  surface, 
circulation  is  wanted, — the  circulation  of  tho 
water  to,  and  the  steam  from  amongst,  the 
tubes.  The  evaporative  power  of  a  less  number 
of  tubes,  placed  at  J  inch  apart,  would  have  been 
decidedly  greater  than  that  of  the  tubes  as  they 
are.  The  driving  and  leading  springs  are  con- 
nected by  a  compensating  beam,  which  must 
give  an  unsafe  freedom  of  action  to  the  engine 
at  high  speed. 

The  other  engine,  the  "Lady  of  the  Lake,"  also 
exhibited  by  the  London  and  North -Western 

>  Railway  Company,  is  one  of  a  numerous  class 
designed  with  special  regard  to  the  running  of 
express  trains  on  the  Northern  Division  of  the 
line.  Thus  engine  contrast*  in  several  respects 
with  No.  373.  It  weighs  only  27  tons  in 
working  order,  and  tho  tender  17. J  tons,  making 
a  total  of  44$  tous,  as  against  GO  tons  for  No. 
373.  Tho  fire-box  is  of  the  ordinary  form,  with 
little  more  than  half  the  grate-surface  of  No.  373, 
and  is  fitted  for  coal  burning,  with  a  brick  arch 
and  air-ojienings  in  front,  as  already  described 
and  shown  in  fig.  8.  The  heating  surfaco 
of  tho  fire-box  is  little  more  than  one-third 
that  of  No.  373  ;  and  there  are  fewer  tubes, 
but  then  they  are  $  inch   apart.    No.  373 

'  gains  the  advantage  of  the  "  Lady  "  in  the  greater 
size  of  blast-oritiee,  which  is  5 \  inches  diameter 
for  the  former,  and  4  \  inches  for  tho  latter, 
owing  to  the  larger  grate  of  No.  373,  which 
does  not  require  the  same  sharpness  of  blast  to 
draw  the  air  through.     The  proportions  in 
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question  are  here  brought  together  for  com- 
parison :— 

>"o.  373.     Lady  o»  th»  Lakr  . 

Area  of  Fire-grate .   25  »q.  ft  15  sq.  ft. 

Heating  surface  of  Fire- 
box  212-5  do.  ...     S3  do. 

Do.       Tubes  ..   980-5  do.  .1,013  do. 
Do.       Total  .  ..1,223  0  do.  .1,098  do. 
Driving-weight   lljtons ...   114  tons. 

The  annexed  table  contains  the  results  of  the 
performance  of  engines  of  the  same  classes  re- 
•pectively,  in  which  the  weights  of  tho  trains 
are  averaged  from  actual  observations,  being  8j 


tons  per  vehicle,  with  passengers  and  luggage ; 
the  vehicles  averaging  6  tons  1 1  cwt.  nett,  and 
39  cwt.  per  vehicle  being  allowed  for  the  carried 
weight  It  api»eara  that  whilst  tho  Southern  cn- 
giues  have  only  30  per  cent,  more  train-load,  they 
consume  per  cent,  more  coal  than  the  Nor- 
thern engines.  The  consumption  per  ton,  gross 
weight,  including  tho  engine  and  tender,  is  at 
tho  rate  of  0  20  lb.  jmmt  ton  per  mile  for  the 
Southern,  and  0'23  lb.  per  ton  per  mile  for  the 
Northern,  which  shows  pretty  clearly  that  there 
is  no  mechanical  superiority  in  tho  Southern 
boiler,  with  its  extensive  direct  heating  surface, 
over  the  Northern  boiler,  of  the  ordiuary  tyj>e. 


RESULTS  OF  PERFORMANCE  OF  "  No.  373,"  AND  THE  "  LADY  OF  THE  LAKE,"  EXPRESS 
ENGINES  ON'  THE  LONDON  AND  NORT H •  W EST F.RN  RAILWAY. 


ENGINE. 


Mile*  run 
Month*  at      to  31  at 
Work. 


SorniKBX  Division. 


No.  972 
No.  975. 


6 

9 


Miles. 

10,560 
23,900 


Average 
Wright  of 
Train  (ml  n\ 
Ton*  iier 
Vehicle). 


Ton». 

9507 
101-55 


Cvmnrarno*  or  coal. 


Grow 
Weight  of" 
Engine,  L 

aiidTraU.  I'^Mile. 


Ton*. 


Mean  of  Engines  of  the  class  of  "  No.  373  " 


Northern  Division. 

No.  41,  "Harlequin"   

No.  19G,"Leander"  

No.  229,  "Watt"  


32 
22 
31 


102,711 
70,980 
105,717 


9950 

(Averaging 
U-7Vehifl«'». ) 


72-25 
72-35 
7*00 


Mean  of 


of  tho  claBS  of  tho  "  Lady  of  tho        72  93 

(Averaging 
«5S  Vehicles.) 


159-30 


11735 


lb. 

•1213 
41-48 


41-08 


2085 
25  70 
27  43 

20-77 


Per  Ton 
of  Train 
per  Mile. 

Per  Ton 
Urota  of 
Engine, 
Tender,  and 
Train  tier 
Mile. 

lb. 

lb. 

on 

Oil 

042 

020 

0-37 

•  •  • 

0-30 

•  •• 

0-37 

037 

0-23 

Regardiug,  again,  the  engines  as  carriages, 
the  great  height  of  tho  centre  of  the  boiler  of 
No.  373,  7  feet  o£  inches  above  tho  level  of  the 
rails,  is  excessive,  and  tells  ujhhi  tho  rails  when 
the  engine  sways.  In  the  44  l.«dy  of  the  Lake," 
though  she  has  driving-wheels  as  large  as  those 
of  No.  373,  the  centre  is  11  inches  lower;  and 
this,  in  connection  with  a  compact  wheel-base 
and  a  balanced  driving-wheel,  produces  a  safe, 
steady,  and  easy-running  engine. 

In  the  details  of  No.  373,  there  are  some 
noticeable  novelties.  It  has  Krupp's  steel  axles 
and  steel  tires.  The  pistons  are  of  solid  wrought 
iron,  with  two  small  brass  tracking-rings,  kept 
tight  by  the  pressure  of  steam  admitted  behind 
them.  They  are  commendable  for  their  light- 
ness, being  about  half  tho  weight  of  ordinary 


piston  v  Feed-pumps  are  displaced  by  GitTard'a 
injector,  which  will  lie  noticed  in  another  place. 

Tho  41  Lady  of  the  Lake,"  also,  is  fed  by  two 
of  Giflard's  injectors.  It  is  fitted  with  Mr. 
Ramslxrttom's  duplex  direct-action  safety-valve, 
in  which  a  jiair  of  valves  are  pressed  down  by  a 
cross-bar  and  a  helical  spring  attached  to  the 
middle  of  tho  bar,  between  the  valves,  —  a  de- 
cidedly superior  system  to  the  weighted  lever. 
It  cannot  be  tamj^red  with,  and  is  much  more 
prompt  in  discharging  an  excess  of  steam,  as  it 
opens  wider  for  a  given  excess  of  pressure.  It  is 
similar  in  principle  to  Mr.  J.  V.  Gooch's  single 
direct-action  valve.  The  smoke-box  is  fitted  with 
a  descending  hopj>er,  through  which  ashes  and 
ignited  cinders  are  allowed  to  escape  from  tho 
smoke-box ;  thus  overheating  is  prevented.  The 
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cylinders  and  valve -faces  are  lubricated  by 
means  of  gravity-lubricators,  in  which  the 
water  held  in  suspension  in  the  steam  is  de- 
posited in  the  vessel  containing  the  oil,  displac- 
ing it,  and  forcing  it  over  into  the  cylinder, 
whence  it  is  swept  off  by  the  steam  over  tho 
working  surfaces.  The  pistons  are  of  cast  iron, 
in  one  piece,  fitted  with  Mr.  Ramsbottotn's 
jmcking-rings,  made  of  square  wrought- iron 
wire,  hard  drawn,  and  bent  to  such  a  form  as  to 
give  uniform  pressure  round  the  piston.  The  re- 
versing gear  is  worked  by  a  screw  and  hand-wheel, 
instead  of  the  usual  long  lever  and  notched  sec- 
tor, than  which  it  is  much  morn  easily  worked, 
saving  the  engiueman  a  great  deal  of  fatigue. 
It  is  applied  to  nearly  two  hundred  engines. 
The  driving-wheels  are  very  fine  pieces  of  forging. 

The  tender  of  tho  engine,  exhibited  with  it, 
has  six  wheels,  and  weighs,  empty,  9  J  tons ;  full, 


1?£  tons,  the  load  equally  distributed  on  the 
wheels.  It  is  fitted  with  Mr.  Ramabottom 'a 
apparatus  for  picking  up  water  whilst  running, 
illustrated  by  figure  13  ;  in  which  a  scoop  is  let 
down  from  the  bottom  of  the  tender,  and  dips 
into  tho  water  contained  in  a  long  oj>en  trough 
between  tho  rails,  from  which  it  is  scooped  up 
into  the  tank  while  running.  A  minimum 
s]>eed  of  22  miles  per  hour  is  required  for  this 
operation.  Three  such  apjwiratus  have  been 
laid  down,  and  are  at  work,  on  the  London  and 
North-Western  Railway  ;  and  their  advantages 
are,  that  the  size  and  weight  of  the  tender,  for 
running  a  given  distance,  may  be  reduced,  the 
number  of  stoppages  lessened,  and  time  saved. 
An  express  engine  has  thus  been  enabled  to  run 
the  whole  distance  from  Holyhead  to  London, 
2G4  miles,  iu  one  continuous  run,  at  an  average 
speed  of  42  miles  per  hour. 


Fio.  13. 


The  next  is  an  express  passenger-engine,  the 
u  Don  Luiz,"  for  tho  South-Easteru  Railway  of 
Portugal,  by  Messrs.  Beyer,  Peacock,  <fc  Co., 
of  Manchester,  whose  designs  are  characterized 
by  elegance,  thoroughness,  and  finish  iu  form, 
arrangement,  and  detail.  This  engine  is  a  type 
of  the  prevalent  stylo  of  English  iuside-cyliuder 
express  engines.  The  framing  is  composed  of 
two  poire  of  longitudinal  bars  or  slabs,  running 
straight  from  end  to  end,  cross-braced  by  the 
cylinders,  the  foot-plate,  and  various  cross-plates. 
The  broad  and  comprehensive  slab  frame-plate 
here  noticeable  was  introduced  by  Mr.  Beyer 
many  years  ago,  and  is  now  generally  adopted  in 
English  practice.  The  extension  of  the  two  in- 
Bidc  longitudinal  slabs  alongside  the  fire-box, 
formerly  stopping  short  in  front  of  it,  is  an 
important  concession  to  good  principle,  and  is 
a  first-rate  practice,  as  it  connects  the  steam- 
cyliudere,  driving-axle,  drawplates,  and  bolts 
directly  and  immovably  together,  and  bears  and 
transmits  the  entire  strain  of  the  steam  in  the 
cylinders,  and  the  tractive  force,  to  tho  train. 
The  boiler  is  thus  relieved  of  all  strain  from  the 
working  parts,  from  which  formerly  it  was  not 


free,  and  suffered  accordingly.  The  driving- 
axle  is  made  with  only  two  bearings,  inside  the 
wheels,  for  which  the  guanls  are  forged  on  tho 
inside  frame-plate,  and  the  fore  and  hind  axles 
have  their  bearings  outside  the  wheels, — an 
arrangement  originated  by  the  late  John  Gray, 
and  now  generally  adopted  for  its  simplicity, 
and  for  the  greater  firmness  of  the  frame  and 
the  increased  duration  or  "life"  of  the  crauk- 
axle.  The  steam-strain  is,  in  fact,  confined  to 
the  two  inside  frame-plates  and  to  the  inside 
bearings  of  tho  axle,  close  to  the  cranks.  The 
fore  and  hind  wheels  are  3  feet  9  inches 
diameter,  the  drivers  being  7  feet;  the  fore 
wheels  have  been  thought  rather  too  small,  and 
no  doubt  there  is  space  in  the  engine  for  enlarg- 
ing them,  but  they  would  have  departed  from 
uniformity  with  tho  six  tender- wheels,  which 
also  are  3  feet  9  inches.  The  least  that  can  be 
said  is,  they  run  fast  enough. 

The  short  cast-iron  blast-pipe,  reaching  just 
above  the  level  of  tlie  up|ter  row  of  the  flue- 
tubes,  is  to  be  remarked.  This  level  of  blast- 
orifice  gives  the  best  results,  creating  a  better 
draft  with  a  wider  orifice,  as  compared  with 
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higher  blast-pipes,  and  was  arrived  at  by  Mr. 
Peacock  by  means  of  a  series  of  well-arranged 
experiments  on  the  Manchester,  Sheffield,  and 
Lincolnshire  Railway.  The  low  blast-pipe  is 
now  generally  employed  The  first  blast-pipes 
were  carried  some  distance  into  the  chimney,  and 
had  very  contracted  orifices  and  a  sharp  blast, 
with  much  back  pressure  on  the  piston.* 

The  "straight-link"  motion  of  Mr.  Allan  is 
applied  to  work  the  slide-valves  of  this  engine. 
It  is  a  pleasing  variety  of  the  expansion-link, 
and  will  bo  described  in  another  place. 

The  boiler,  facilitated  by  the  width  of  gauge, 
5  feet  6  inches,  has  a  large  square  fire-box,  4  feet 
10  inches  each  way  over  the  outside  shell,  and 
has  a  large  diameter  of  barrel,  4  feet  2  iuches, 
which  gives  abundance  of  steam  and  water  space. 
Nevertheless,  for  effectiveness  of  heating  surface, 
a  fire-box  of  oblong  form  would  have  been  better. 
There  are  219  2-inch  flue-tubes,  placed  at 
9-lGths  of  an  inch  apart  Had  the  tubes 
been  only  1|  inch  diameter,  which,  upon  the 
whole,  is  the  best  size,  and  placed  in  the  same 
position,  the  extra  clearance  so  obtained  for  cir- 
culation would  have  improved  the  evaporative 
efficiency.  The  fire-box  is  adapted  for  coal 
burning,  with  a  brick  arch,  a  deflector-plate  from 
the  doorway,  and  a  sliding  door,  on  the  plan, 
already  described,  in  use  on  the  Midland  Rail- 
way. 

The  express  passenger  engine  and  tender 
(Plate  I.),  exhibited  by  Messrs.  Ncilson  «k  Co., 
Glasgow,  were  built  by  them  to  the  designs  of  Mr. 
Benjamin  Connor  for  the  Caledonian  Railway, 
of  which  Mr.  Connor  is  the  locomotive  superin- 
tendent. The  class  of  engines  of  which  this  is 
one  were  designed  with  a  view  to  economy 
rather  than  speed,  and  are  employed  on  main- 
line service  between  Glasgow  and  Carlisle,  taking 
their  turn  of  all  the  trains,  fast  and  ordinary. 
The  experience  that  had  previously  been 
acquired  of  the  durability  and  general  economy 
of  the  7-fect  driving-wheel  over  the  original 
6 -feet  wheel  passenger  engines  of  the  line, 
suggested  to  the  designers  that  a  further  exten- 
sion of  the  principle  of  enlargement  of  driving- 
wheel  would  be  advantageous  and  satisfactory. 
It  is  a  fine,  well- constructed  engine,  standing 
gracefully  on  its  wheels ;  large  yet  compact, 
and  qualified  to  run  at  any  speed  with  ease 
and  steadiness.  Its  striking  appearance,  with  its 
maguificent  wheel  —  the  largest  in  the  Annex — 
secured  for  it  the  choice  of  his  late  Highness  the 
Pacha  of  Egypt,  who  wanted  an  express  engine  to 
carry  him  at  70  miles  per  hour.  This  engine  has 
grown  out  of  the  old  Crewe  pattern  of  engine, 
originally  introduced  on  the  Caledonian  Hue  by 
the  late  Mr.  Locke,  the  chief  engineer,  and  suc- 
cessively modified  by  Mr.  Robert  Sinclair  (whose 
peculiar  chimney-top — the  bellow's-mouth — is 
retained),  and  by  Mr.  Connor,  to  meet  the  grow- 

•  For  a  detailed  account  of  Mr.  Peacock's  experi- 
ment*, sco  "  Boilway  Machinery,"  page  134. 


ing  requirements  of  the  traffic,  This  engine 
weighs,  in  working  order,  30  tons  13  cwt.,  of 
which  the  driving- weight  amounts  to  14^  tons. 
This  driving-weight  is  in  excess  of  any  other  in 
the  building,  if  that  of  the  North-Western  inside- 
cylinder  engine  be  excepted  :  the  largeness  of  the 
driving-wheel,  8  feet2  inches,  may  prevent  in  some 
degree  the  injurious  effects  of  concentrated  loads 
on  the  permanent  way.  The  counterweights  are 
compactly  forged  into  the  rims  of  the  wheels, 
extending  over  a  third  of  the  circumference, 
and  though  a  little  more  weight  is  thus  requisite 
to  complete  tho  balance,  it  sweeps  gently  over 
the  rails  when  the  engine  is  in  motion,  without 
the  sledge-hammer  effect  of  a  revolving  cubical 
mass,  compressed  into  the  ipace  between  two  or 
three  spokes.  For  such  a  large  wheel,  also,  the 
constructors  have,  with  commendable  caution, 
thickly  planted  the  spokes,  at  10-inch  centres, 
on  the  rim  :  the  stiffness  of  a  spoke  decreases  in 
a  rapid  proportion  with  its  length — inversely  as 
the  cube  of  the  length, — so  that  a  spoke  for  an 
8-fect  wheel  will  be  only  half  as  stiff  as  a  spoke 
of  the  same  scantling  for  a  7 -feet  wheeL  The 
driving-axle  is  of  cast  steel,  manufactured  at  the 
works  of  the  Caledonian  Railway ;  the  tires  are 
of  Krupp's  Bteel. 

The  framing  of  the  old  Crewe  engine  is  retained 
in  this  one,  giving  outside  bearings  to  the  fore 
and  hind  axles,  and  insides  to  the  driver.  In 
this  respect  the  "  Lady  of  the  Lake,"  a  recent 
Crewe  engine,  is  at  variance  with  the  older 
practice,  having  but  one  longitudinal  frame-plate 
on  each  side,  with  inside  bearings  for  all  the 
wheels  ;  and,  with  outside  cylinders,  it  may  very 
properly  become  a  question  whether  the  cylinders 
should  be,  as  they  are  in  the  Caledonian  engine, 
so  rigidly  united  to  the  outside  framc-plutes, 
which  carry  two  pairs  of  wheels  and  axles,  and 
which,  of  course,  transmit  the  shocks  of  the  road 
to  the  cylinders.  The  foot-plate  is  judiciously 
provided  with  a  housing  for  the  engiuemau  and 
stoker — a  most  important  provision  for  their 
comfort,  and  for  tho  safety  of  railway  trains. 
Plain  fence-plates  are  now  commonly  applied  to 
engines  across  the  back  of  the  fire-box,  and  they 
an.'  usefuL  But  the  housing  is  better,  and  it  is 
marvellous  that  the  application  of  so  needful  a 
protection  should  have  been  so  long  neglected. 

The  slide-valves  are  made  with  1^-inch  lap  at 
each  end,  in  pursuance  of  the  conclusion  arrived 
at  by  Mr.  Sinclair  as  to  the  peculiar  importance 
of  long-lap  and  long-travel  for  the  valves  of 
outside  cylinders,  unquestionably  facilitating 
tho  free  exhaust  of  the  steam,  at  high  speed, 
from  exposed  cylinders,  in  which  the  steam  is 
found  to  be  more  or  less  condensed  :  moist  steam 
is  not  so  active  as  dry  steam,  and  if  not  freely 
discharged  it  exerts  an  excessive  back  pressure 
on  the  piston. 

The  boiler  is  fitted  with  the  brick  arch  and 
door  deflector,  already  described,  applied  by  Mr. 
Connor  to  all  or  most  of  his  engines  for  burning 
I  coal;    192  flue  tubes,  1|  inch  diameter,  and 
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placed  at  J -inch  clearances,  in  a  3  feet  10  inch 
barrel.    Giflard  s  injectors  are  employed. 

The  average  work  of  engines  of  this  class  on 
the  Calcdouian  Railway  is  a  load  of  nine  heavy 
carriages,  being  composites  of  four  compartments, 
and  third  class  with  five  comjwirtments  ;  the 
running  speed  with  local  trains  is  about  35  miles 
]>er  hour,  and  with  fast  trains  40  miles  }>er  hour. 
The  average  consumption  of  coal  in  February, 
1863,  with  prevalent  high  winds,  is  stated  to 
have  been  25  lb  per  train-mile ;  in  the  summer  of 
1802  it  averaged  21^  lb.  per  mile;  they  fre- 
quently take,  without  assistance,  14  loaded 
carriages  up  the  Beattock  incline,  10  miles  long, 
at  the  rate  of  30  miles  per  hour.  The  gradient  is 
1  in  84  for  four  miles,  and  1  in  75  for  six  miles. 

The  "Manchester,"  exhibited  by  Messrs.  Sharp, 
Stewart,  <fe  Co.  (Plates  II.  and  III.),  and  built  for 
the  London,  Chatham,  and  Dover  Railway  Com- 
pany, is  a  first-rate  six-coupled- wheel  goods 
engine,  with  5-fcct  wheels  and  1 7-inch  cylinders, 
of  maximum  power,  adapted  for  the  heavy  loads, 
heavy  gradients,  and  the  ultimately  high  speeds 
of  that  line.  It  is  a  fine  engine,  of  excellent 
workmanship  and  magnificent  proportions.  It 
weighs,  empty,  28^  tons ;  full,  32  tons ;  yet  the 
distribution  of  this  ponderous  load  is,  by  a 
happy  distribution  of  material,  nearly  equalised 
over  tho  three  axles,  to  the  advantage  of  the 
permanent  way,  viz. : — 

TOSS  CWT. 

Leading  wheels    10  13 

Middle      do   11  11 

Trailing    do   I)  17 

Total    32  1 

The  fire-box  is  8  feet  long  externally,  with  an 
inclined  grate  on  Mr.  Cudworth's  system,  for 
burning  coal,  which  has  already  been  described  at 
length.  The  hind  axle  is  thus  admitted  under  the 
fire-box  about  one-third  of  its  length,  and  is  enabled 
to  take  its  fitting  share  of  the  load,  whilst  the 
length  of  wheel-base  is  moderated,  and  is  bisected 
by  the  middle  axle, — advantages  {icculiar  to 
Mr.  Cudworth's  system.  The  fire-box  measures 
7  feet  3*  inches  long  inside,  divided  longitudi- 
nally by  a  "  midfeather,"  and  has  27£  square  feet 
of  grate.  There  are  189  flue-tubes,  2  inches  dia- 
meter, and  §  inch  clear,  within  a  4  feet  2  inch 
barrel.  These  are  good  pro|>ortions,  according 
to  current  practice ;  but  had  there  been  only  ICQ 
tubes  at  £  inch  clearance,  in  such  a  largo  barrel, 
it  would  have  been  decidedly  better.  The  boiler 
is  fitted  with  Giflard's  iujector.  The  housing  for 
the  enginemen,  with  windows  in  the  front  and 
sides,  is  very  good  and  complete. 

The  frame  is  composed  of  four  longitudinal 
plates,  earned  from  end  to  end,  witli  suitable 
cross- plates  to  bind  it.  The  outer  plates  are 
each  of  one  thick  slab,  of  considerable  depth 
between  the  guards,  with  intervals  slotted  out, 
combining  great  strength  and  lightness.  In 
this  engine,  the  usual  construction  of  outer 
frame  with  double  plates  and  timber  packing 


has  thus  been  superseded.  The  driving  axle 
has  four  bearings,  two  inside  and  two  out- 
side, and  the  extreme  axles  have  only  out- 
side bearings ;  and  the  old  antagonistic  action 
is  set  up,  arising  out  of  the  unequal  wear  of  tho 
inside  and  outside  bearings, — the  inside  bearings 
next  the  crank,  receiving  the  full  strain  of  the 
steam,  wearing  faster  than  the  outsides,  leaving 
the  cranks  unsupported,  and  shortening  tho 
duration  of  the  axle;  overstraining  in  that 
way  also,  and  loosening  the  connections  of  the 
inner  and  outer  frame-plates.  On  the  contrary, 
this  arrangement  admits  of  large  outside  bearings 
and  capacious  axle-boxes  for  all  the  axles,  an 
advantage  which  unfortunately  the  narrow  gauge 
does  not  permit  for  inside  crank-axle  bearings. 
It  is  at  best  a  compromise,  and  the  national 
gauge  should  have  been  six  inches  wider.  The 
drawing  tackle  of  this  engine  is  connected 
exclusively  to  the  frame. 

The  valve-gear  is  very  substantially  and  firmly 
arranged.  The  expansion-link  is  shifted,  and 
the  slide-block  is  not  overhung,  but  hung 
between  the  ends  of  the  link  which  carries  it 

The  "  Manchester"  is  said  to  be  capable,  with 
a  working  pressure  of  120  lb.  per  inch,  of  taking 
a  load  of  480  tons  on  a  level  at  20  miles  \>er 
hour,  or  a  load  of  250  tons  up  a  gradient  of  1  in 
100  at  15  miles  per  hour.  The  engine  was 
purchased  by  his  late  Highness  the  Pasha  of 
Egypt  for  the  Egyptian  Railway. 

The  next  engine  is  a  six-coupled  goods  engine, 
of  excellent  workmanship,  exhibited  by  Messrs. 
Win.  Fairbairn  <fc  Sons,  Manchester.  It  was 
made  for  the  Midland  Railway  to  tho  design  of 
Mr.  Kirtley,  the  locomotive  superintendent, 
which  appears  to  have  been  based  on  the 
"Jenny  Land"  model,  brought  out  at  the  "Rail- 
way Foundry,"  Leeds,  and  now  a  matter  of 
history.  It  has  the  ordinary  rectangular  fire-box, 
and  is  fitted  on  the  Midland  system,  already 
described,  for  burning  coal,  with  14^  square 
feet  of  grate ;  the  cylinders  are  1 G  inches  dia- 
meter, with  24  inches  stroke.  The  engine  weighs 
in  working  order  32  tons  5  cwt  It  is  a  tho- 
roughly good  engine  of  its  kind,  and  is  a  type  of 
the  jwwerful  goods  engines  usually  met  with  on 
tho  old  main  lines  of  railway.  It  may  be  usefully 
compared  with  the  "  Manchester,"  just  described, 
which  is  an  engine  of  the  .same  weight  and 
calibre,  of  a  different  aud  more  receut  class.  In 
the  first  place,  tho  weight  is  not  so  well  dis- 
tributed on  the  wheels,  being  considerably  in 
excess  on  the  leaders,  thus  : — 

MIDLAND.  "MANCHESTER." 

TOSS  CWT.  TOSS  CWT. 

Loading  wheels    12     G    10  13 

Middle     do  11     5    11  11 

Trailing    do   8    14    0  17 

Total  Weight    32     5    32  1 

Showing,  in  the  Midland  engine,  3  tons  12  cwt 
more  on  the  leading  than  the  trailing  wheels, 
and  in  the  "Manchester"  only  10  cwt  more 
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weight ;  the  wheel  base  of  the  Midland  engine 
being  16  feet  G  inches,  or  1  foot  more  than  that 
of  the  other,  as  the  vertical  fire-box  keeps  back 
the  hind  axle.  The  frame  of  the  Midland  engine, 
like  the  other,  has  four  longitudinal  plates,  with 
four  bearings  to  tho  driving-axle,  and  outside 
bearings  to  the  other  axles  ;  but  the  inside  frame- 
plates  stop  short  at  the  fire-box,  and  are  fastened 
to  it  by  sliding  joints,  allowing  for  cjqwnsion  of 
the  boiler.  The  draw-plates  are  riveted  to  and 
across  the  back  of  the  fire-box,  from  which  the 
whole  of  the  drag  is  taken ;  and  of  course,  as  the 
tractive  force  must  be  transmitted  from  the  out- 
Bide  frame-plates  to  the  fire-box,  they  aire  very 
strongly  united  by  brackets  to  the  fire-box,  for 
that  purpose.  Thus  the  whole  area  of  tho  fraiuo 
behind  the  fire-box  remains  unemployed,  except 
as  standing  ground.  This  is  an  objectionable 
feature  in  the  Midland  engine,  without  any 
countervailing  advantage.  The  steam-power  is 
not  only  transmitted  circuitously,  tending  to  over- 
strain and  buckle  the  framing,  but  it  arbitrarily 
subjects  the  boiler,  already  highly  strained,  to 
an  unnecessary  additional  fatigue,  which  is 
now  beneficially  avoided  in  more  recent  prac-  | 
tice.  The  flue-tubes  are  well  designed,  being  | 
2  inches  diameter,  180  in  number,  and  placed  at  j 
|  iuch  clearance,  in  vertical  rows,  which  accounts 
for  the  high  character  of  the  Midland  engines  for 
keeping  up  the  steam.  The  boiler  is  put  together 
without  angle-iron,  the  plates  being  flanged  at 
the  end  ;  the  steam-domo  also  is  flanged  and 
formed  in  one  piece.  For  this  puqwse,  Alton 
A  Fernie's  patent  thick-edged  plates  are  used  : 
they  are  rolled  to  §  inch  and  £  inch  thick  to 
allow  material  to  work  upon.  Tho  advantages 
claimed  for  the  thick-edged  plates  in  their  I 
application,  are  that  they  save  a  joint,  including  ! 
a  row  of  rivets,  and  are  stronger  than  angle-iron 
joints  ;  the  joints  are  cheaper  and  easier  to  make, 
and  arc  not  subject  to  grooving  ;  the  dome- joints 
being  faced  in  the  lathe,  bad  joints  are  prevented. 

Of  the  mixed  engines,  Sir  \V.  G.  Armstrong  tfc 
Co.,  Neweastle-oli-Tyne,  exhibited  a  six-wheel, 
four-coupled  engine,  made  for  the  East  Indian 
Railway,  with  cylinders  outside,  and  the  hind- 
wheels  coupled.  Tho  wide  Indian  gauge  of  rails, 
5  feet  G  inches,  admits  of  a  large  fire-box, 
4  feet  1^  inches  square  inside,  with  a  grate 
of  17  square  feet,  which  is  too  large  for  the 
cyliuders  and  the  wheels.  Tho  flue-tubes,  1"»7 
in  number,  are  10  feet  11  inches  long,  2{  inches 
outside  diameter,  and  they  clear  each  other  by 
half  an  inch.  These  proportions  would  bo  much 
improved  by  reducing  the  tubes  to  2  inches  dia- 
meter, at  \  iuch  clear  :  the  reduction  of  heating 
surface  would  be  more  than  amply  compensated  j 
by  the  increased  facility  for  circulation. 

The  total  weight  of  the  engine  in  working 
order  is  32J  tons  ;  and  21  \  tons  is  available  for 
adhesion,  but  very  unequally  divided.  The 
leading  wheels  are  3  feet  7  inches  diameter,  and 
the  six  wheels  of  the  tender  arc  3  feet  9  inches, 
making  only  2  iuches  difference.    Probably  the 


2  iuches  were  taken  off  the  leading  wheels  to  get 
them  more  forward,  and  leave  more  weight  lor 
adhesion,  and  no  doubt  they  are  at  present  over- 
loaded. But  it  would  have  l>een  better  in  that  case 
to  have  reduced  the  tender  wheels  to  the  same 
size,  for  convenience  of  exchange  and  repairs. 

The  slide-valves  have  only  f  inch  lap,  which 
is  inadequate  for  a  lG-inch  outside  cylinder,  in 
which  there  is  always  more  or  less  condensation 
of  steam.  Tho  back  pressure  on  the  piston  at 
high  speeds  must  bo  something  considerable,  as 
an  insufficient  lap  prevents  a  full  and  free  opening 
to  the  exhaust,  which  is  required  to  be  greater 
for  moist  than  for  dry  steam. 

The  foot-plate  is  furnished  with  a  screen-frame 
to  completely  protect  the  euginemeu  from  the  sun, 
and  to  ensure  ample  ventilation, — an  object  of 
vital  importance  in  India.  It  is  a  very  complete 
and  carefully  considered  screen  ;  the  use  of  a 
weather- board  being  unfavourable  for  ventilation. 

Mr.  Robert  Sinclair,  locomotive  sui>erintcn- 
dent  of  the  Great  Eastern  Railway,  exhibited  a 
mixed  engine  of  his  design,  with  six  wheels, 
four  coupled,  and  outside  cylinders,  constructed 
by  Messrs.  Robert  Stephenson  Jc  Co.  The 
framing  has  but  one  longitudinal  plate  on  each 
side  from  end  to  end,  with  inside  bearings  for 
all  the  wheels.  With  17-iuch  cylinders  aud  G  feet 
1  inch  driving-wheels,  which  are  more  jkjwcj  ful 
than  in  Sir  Wni,  Armstrong's  engine,  the  boiler 
is  lighter,  having  only  13^  square  feet  of  grate 
as  against  17  feet,  with  a  shallower  tiro-box  and 
a  smaller  barrel ;  hence  the  total  weight  of  the 
engine  is  less,  and  tho  weight  is  more  equally 
distributed  on  tho  wheels,  thus  : — 

SINCLAIR.  ARMSTRONG. 

TOSS  CWT.  TOJIS  CWI. 

Leading  wheels   ll     2    11  9 

Middle      do.    1<>   U    1-  11 

Trailing    tlu   lo     1    «  11 

Total    31   17    32  14 

The  leading  wheels,  3  feet  7  inches,  are  also 
very  properly  made  uniform  with  the  six  tender 
wheels.  The  engine  is  reported  to  have  run 
4-5,000  miles  without  repairs,  for  which  satisfac- 
tory result  it  is  indebted  to  the  excellent  design 
and  workmanship  ;  no  doubt,  also,  to  the  favour- 
able distribution  of  the  weight,  and  to  the  mate- 
rial, of  the  tires— of  Krupp's  steel— which  were 
apparently  very  little  worm  A  pair  of  tires 
which  had  run  OS, 000  miles  showed  a  wear  of 
about  \  iuch  on  the  tread.  Several  of  tho 
driving  and  trailing  wheel-tires  of  engines  of 
the  same  class  have  run  G0.000  to  70,000  miles 
without  re-turning.  The  duration  of  the  tires 
is  estimated  at  100,000  miles  on  the  leading 
wheels,  aud  1.30,000  miles  on  the  middle  and 
trailing  wheels;  but  none  have  yet  been  worn 
out. 

In  the  barrel  of  the  boiler,  3  feet  10  inches 
diameter,  there  are  193  flue  tubes,  1  £  inch 
diameter,  with  £  inch  clearance,  which  are  fair 
proportions.    The  fins-box  is  fitted  for  burning 
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coal  on  Mr.  Frodahaui's  system,  already  de- 
scribed (fig.  11). 

The  slide- valves  have  )\  inch  lap,  with  5£ 
inches  travel  in  full  gear, — very  suitable  pro- 
portions for  outside  cylinders.  Mr.  Sinclair,  as 
already  observed,  appears  to  have  been  the  first 
to  apprehend  the  special  imix>rtance  of  long-lap 
valves  for  quick  running  and  free  exhaust  in 
outside-cy Under  engines.  In  1846  he  specified 
1]  inch  lap  and  5  inches  travel  for  the  first 
engines  on  the  Caledonian  Railway. 

Engines  of  this  class  are  stated  to  work 
passenger  trains  averaging  from  15  to  18  car- 
riages, maximum  load  3.5  carriages,  at  an  average 
speed  of  25  miles  per  hour,  consuming  25  lb.  of 
coal  per  mile.  They  are  also  Btated  to  work 
goods  trains  consisting  of  35  waggon?,  gross 
weight  300  tons,  at  an  average  speed  of  20  miles 
per  hour,  consuming  30  lb.  of  coal  per  mile. 

Of  the  tank  locomotives  exhibited,  that  of 
Messrs.  G.  England  «fc  Co.,  London,  weighing 
17]  tons  in  working  trim,  is  the  largest  It  was 
desigued  for  branch  lines.  It  has  six  wheels 
on  a  10-fect  base;  four  coupled  wheels  4  feet 
diameter,  and  11-inch  cylinders.  It  is  neatly 
arranged  with  two  tauks,  to  hold  520  gallons, 
very  conveniently  placed  ou  the  foot-plate,  one 
on  each  side,  enclosed  out  of  view  by  a  fence 
carried  nearly  from  end  to  end.  Of  the  weight, 
which  is  equally  divided  on  the  axles,  two-thirds 
is  available  for  adhesion.  There  are  153  flue- 
tubes,  1J  inch  diameter,  with  ^  inch  clearance, 
the  barrel  being  3  feet  8  inches  diameter  ;  which 
are  good  proportions. 

The  next  is  n  compact,  neat,  and  serviceable 
little  engine,  by  Messrs.  Manning,  Wardle,  &  Co., 
Leeds  (Plate  IV.),  specially  adapted  and  exten- 
sively used  for  collieries,  iron-works,  and  public 
works.  This  engine  was  employed,  under  the  Au- 
thor's superintendence,  in  convoying  the  machi- 
nery from  the  unloading  cranes,  on  trucks,  to  or 
near  its  destination,  on  lines  of  rails  in  the  Western 
Annex, — a  duty  in  which  the  engine  was  of 
essential  service.  It  has  9-inch  outside  cylinders, 
and  four  wheels  coupled,  2  feet  9  inches  diameter, 
on  a  base  of  4  feet  9  inches.  The  area  of  grate 
is  4*9  square  feet.  It  has  55  flue- tubes,  2  inches 
diameter,  and  |  J-  inch  clear,  amply  sufficient  for 
circulation.  The  weight,  in  trim,  is  10]  tons, 
equally  distributed.  The  water-tank  is  placed 
upon  the  ban-el  of  the  boiler,  and  holds  252 
gallons  of  water.  The  coke-boxes  hold  7£  cwt.  ; 
G  Ward's  injector  is  employed.  With  a  working 
pressure  of  1 20  lb.  ]>er  inch  in  the  boiler,  the 
exhibitors  assume  an  effect  in  mean  pressure  of 
(50  lb.  in  the  cylinders,  which  is  too  low,  but  errs 
ou  the  safe  side,  and  for  which  they  estimate  the 
extreme  tractive  power  equal  to  moving  20G 
tons ;  the  maximum  power  of  the  engine  is  no 
doubt  considerably  greater. 

The  last  and  smallest  engine  exhibited  in  the 
English  section  is  a  tank-engine,  for  iron-works 
and  collieries  in  South  Wales,  by  the  Neath 
Abbey  Iron  Company,  on  a  gauge  of  2  feet 


8  inches,  with  8-inch  cylinders,  and  four  coupled 
cast-iron  wheels  2  feet  4  inches  diameter,  at 
4-feet  centres.  The  centre  of  the  boiler  is  only 
2  feet  above  the  rails.  The  boiler  has  3$  square 
feet  of  grate ;  59  flue-tubes,  1^  inch  diameter 
and  G  feet  long ;  total  heating  surface,  181 
square  feet ;  gross  weight,  G  tons  1 7  cwt.  The 
tank  is  on  the  back  of  the  boiler.  The  engine 
is  carried  on  volute  springs.  The  engines 
employed  in  the  Neath  Abbey  Works  have  a 
run  of  1,665  yards,  or  nearly  one  mile,  with 
gradients  varying  chiefly  from  1  in  15  to  1  in 
26,  with  a  small  portion  1  in  100  j  the  engines 
take  up  the  return  empty  waggons  to  the  coal- 
pits, the  full  ones  going  down.  With  80  lb.  steam, 
the  regular  duty  of  the  engine  is  to  take  up  10 
empty  waggons  or  trams  weighing  in  all  6  tons 

9  cwt.  (nearly  the  weight  of  the  engine),  in  7 
minutes,  or  at  the  rate  of  8  miles  an  hour.  It 
can  take  up  at  the  same  speed  12  waggons, 
weighing  4  tons  10  cwt.,  with  66  lb  steam. 

Mr.  A.  Allan,  Perth,  exhibits  his  "straight- 
liuk  motion"  for  working  the  valves  of 
locomotives.  Its  peculiar  features  are  the 
expansion  link  and  the  mode  of  suspension. 
Ordinary  exj»ansion  links  are  curved,  forming 
a  segment  of  a  circle  struck  with  a  radius 
equal  to  the  length  of  the  eccentric  rods,  or 
of  the  radius  links  according  to  the  arrange- 
ment. But  Mr.  Allan's  link  is  straight,  and 
the  reversing,  or  the  regulation  of  the  expansion, 
is  effected  by  a  double  action  upon  both  tho 
expansion  liuk  and  the  radius  link,  which  being 
connected  to  a  double-reversing  lever,  are  moved 
in  contrary  directions;  and  thus,  for  the  purpose  of 
reversing,  each  is  moved  through  only  one-hall* tho 
s]>ace  vertically  that  either  requires  when  moved 
alone,  as  in  the  ordinary  gear.  The  application  of 
the  two  opposite  movements,  further,  permits  the 
use  of  a  straight  link,  with  which  the  lead  of  the 
valve  remains  nearly  constant  for  various  degrees 
of  expansion.  The  movements  imparted  to  the 
valve  are  quite  as  good  as  with  other  links ;  tho 
system  is  more  compact  and  is  perhaps  more  easy 
of  manipulation  (fig.  14). 

Mr.  Allan  also  exhibited  an  atmospheric 
pressure-gauge,  the  pidnciple  of  which  consists 
in  indicating  pressure  either  above  or  below  that 
of  the  atmosphere,  by  the  more  or  less  compressed 
or  exjmndetl  condition  of  a  measured  quantity  of 
air  contained  within  the  gauge ;  this  is  acted 
upon  by  the  pressure  through  water  or  other 
fluid  contained  within  a  bent  pipe,  which  is 
attached  at  one  end  to  the  gauge,  and  at  the  other 
end  to  the  boiler  or  vessel  containing  the  pressure 
to  be  indicated  ;  the  surface-line  of  the  water,  as 
seen  in  a  glass-tube  attached  to  the  body  of  the 
gauge,  indicates  the  extent  of  pressure  on  a 
graduated  scale.  The  column  of  air  under  com- 
pression is  of  a  taper  form,  to  equalize  the 
tcale  for  the  higher  and  lower  pressures.  Means 
are  provided  for  testing  the  gauge  and  renewing 
the  supplies  of  air  and  water ;  and  it  is  stated 
that  the  gauge  works  satisfactorily  (fig.  15). 
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8i!A«GUT-LtSK  Mono*,  by  Mr.  A. 
Fia.  15. 
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ATMosramc  Ptiuriu-r.ArGB,  by  Mr.  A. 
for~ 


Mr.  Nathaniel  Grew,  London,  exhibited  a 
model  of  a  locomotive  engine  for  running  on  ice, 
rej>orted  to  have  been  successfully  at  work  in 
Russia,  dining  last  winter,  on  the  river  Neva, 
conveying  passengers  and  goods  between  St. 
Petersburg  and  Cronstadt.  The  engine  in 
carried  by  a  sledge  under  the  fore  ]>art,  anil  a 
|Miir  of  driving-wheels  5  feet  diameter  at  the 
back  of  the  fire-l>ox,  worked  with  an  interme- 
diate shaft,  and  a  juiir  of  outside  cylinders,  10 
inches  diameter  by  22  inches  stroke.  The  cir- 
cumferences of  the  wheels  are  studded  with  steel 
spikes,  to  obtain  the  necessary  adhesion  for 
traction.  The  engine  is  steered  by  turning  the 
sledge,  in  front,  by  means  of  a  screw  and  worm- 
wheel,  and  a  pinion  gearing  into  a  circular  rack 
fixed  to  the  sledge.  The  nrojiortion  of  the 
weight  of  the  engine  carried  by  the  sledge  is 
supported  on  four  springs,  with  an  allowance  for 
lateral  traverse.  The  engine  weighs,  in  working 
trim,  about  12  tons,  of  which,  no  doubt,  more 
than  half  is  carried  by  the  sledge,  and  less  than 
half  by  the  wheels,  on  account  of  their  extreme 
jiosition,  without  any  power  of  adjustment. 
The  engine  is  reiK>rted  to  have  attained  a  speed 


Perth  ;  for  the  Valve- gear  of  Locomotive*. 


of  18  miles  per  hour,  with  a  gross  load  of 
20  tons.  There  are,  no  doubt,  considerable 
practical  difficulties  to  overcome  ;  for  example, 
the  necessity  for  providing  adhesion  artificially, 
and  the  resistance  of  snow  to  the  advance  of 
the  sledge.  Mr.  Grew's  engine  is  a  very  credit- 
ahle  application  of  the  locomotive,  in  a  novel 
direction  (tig.  10,  page  18). 


CHAPTER  IV. 


FO  R  EI  (IN  I.OCOMOTI  VES. 


France. — The  French  department,  contained 
examples  and  desigus  of  various  classes  of 
engines,  some  of  them  not  known  in  this 
country.  The  first  is  an  ordinary  pussenger 
engine  exhibited  by  the  Orleans  Railway  Com- 
jtany,  made  by  them  to  the  designs  of  M.  For- 
quenot,  locomotive  superintendent  It  has  out- 
side cylinders,  with  the  valves  and  valve- gear  out- 
side the  cylinders  and  crank-pins.  The  fire-box 
is  constructed  for  burning  coal  on  the  system  of 
M.  Tenbrinck,  with  a  long  sloping  grate,  and  a 
water  partition  or  midfeather  across  the  fire-box, 
above  and  nearly  parallel  to  the  grate,  so  as  to 
deflect  the  name  towards  the  door,  and  meet  the 
air  admitted  there.  These  are  merely  varieties 
of  English  practice  ;  the  outside  gearing  is  objec- 
tionable as,  besides  its  being  exposed  to  accident, 
the  wear  of  part*  affects  injuriously  the  working 
of  the  valves  in  regulating  the  movements  of  the 
steam,  in  a  much  greater  degree  than  when 
inside  of  the  wheels  ;  the  fire-box  combines  some 
of  the  features  of  Mr.  Cud  worth's  and  Mr. 
Reattie's  systems.  Giffard's  injector  is  applied, 
with  M.  Pradel's  modification,  in  which  tho 
construction  is  simplified  by  omitting  the  mecha- 
nism for  varying  the  supply  of  water.  The  axles 
are  lubricated  with  oil  from  below  by  means  of 
cotton  stumps,  which  lift  the  oil  by  capillary 
attraction  from  a  reservoir  in  the  bottom  of 
the  axle-box. 

The  Orleans  Railway  Company  exhibit  also 
a  drawing  of  a  goods  engine,  with  eight  wheels 
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coupled,  4  feet  3  inches  diameter,  in  course 
of  construction  by  Messrs.  Cail  <fc  Co.  This 
engine  has  Teubrinck's  fire-box,  with  112  square 
feet  of  surface ;  the  total  heating  surface 
amounts  to  2,200  square  feet.  The  wheel-base 
is  13  feet  4  inches.  Tho  engine  will  weigh  37 
tons  empty,  and  43  tons  in  working  order.  The 
Southern  Company  (Compagnie  du  Midi)  has 
adopted  the  same  system  of  coupled  wheels,  with 
an  ordinary  fire-box. 

A  six-coupled  wheel  goods  engine,  made  for 
the  Orleans  Railway,  was  exhibited  jointly  by 
Messrs.  J.  F.  Cail  Jb  Co.  and  Messrs.  Parent, 
Schaken,  Caillet  ft  Co.  It  has  inside  cylinders, 
with  5-fcet  wheels,  and  a  wheel-base  of  1 1  feet 
4  inches.  It  had  already  run  13,000  miles  on 
the  central  division  of  the  railway,  where  the 
curves  are  numerous  and  shaq>,  and  the  inclines 
are  steep.  The  fore  and  hind  axle-boxes  have 
f  inch  play  transversely,  and  are  held  taut  by 
springs  acting  horizon  tally,  which  tend  to  restore 
them  to  their  central  position.  The  wheels  are 
solid  wrought-iron,  of  excellent  workmanship, 
welded  at  two  heats,  on  Arbel's  system.  The 
rim  is  forged  in  segments,  tho  nave  in  two 
circular  halves,  and  the  spokes  are  let  into  the  rim- 
segments,  and  tho  two  halves  of  the  nave.  The 
whole  are  clamped  together,  heated  together  in 
a  furnace,  brought  out  and  placed  under  a  largo 
hammer  with  suitable  dies  the  size  of  the  wheel, 
and  welded  on  one  side.  The  partially-formed 
wheel  is  again  heated  and  welded  complete  on 
the  other  side.  A  firet-rato  piece  of  work  can 
be  done  by  this  process  ;  it  requires  six  men  and 
three  labourers.  The  counterweights  are  welded 
to  the  rim  and  spokes  of  the  wheels.  The  con- 
necting and  coupling  rods  arc  of  cast-steel. 

Three  classes  of  locomotives  aro  exhibited, 
actually  and  by  drawings,  by  tho  Northern  Rail- 
way Company  of  France,  all  of  them  social  in 
design.     The  object  which  the  engineers  had 


specially  in  view  was  to  obtain  a  considerable 
supply  of  steam  and  great  tractive  jwwer,  in 
combination  with  the  smallest  possible  weight. 
For  this  purpose,  the  fire-box  on  Beljmire's 
system  is  placed  above  the  wheels  and  frame- 
plates,  in  order  to  afford  greater  width,  a  larger 
grate,  and  more  tubes  than  when  at  the  usual 
level,  without  lengthening  the  boiler.  Eleven 
such  engines  are  at  work  on  the  Northern 
Railway,  burning  coal-slack. 

The  roofs  of  the  fire-box  and  itB  shell  are  flat 
and  parallel,  and  stayed  together  like  the  sides. 
The  steam-space  in  the  barrel  is  reduced,  to  make 
room  for  the  tubes,  and  is  supplemented  by  a 
tubular  steam-chamber  above  the  boiler,  made 
with  iron  flue-tubes  3^  inches  outside  diameter, 
through  which,  and  also  round  tho  steam- 
chamber,  the  heated  gases  travel  for  drying  the 
steam.  The  chimney  is  laid  horizontally  in 
continuation  of  the  envelope  which  surrounds 
the  steam-chamber,  as  the  great  elevation  of  the 
boiler,  about  8  feet  from  the  rails  to  the  centre 
of  the  barrel,  prevents  its  being,  if  placed  verti- 
cally, of  sufficient  length. 

In  arranging  tho  passenger-locomotive  for 
heavy  gradients  on  this  system,  of  which  a 
drawing  is  exhibited,  tho  ordinary  coupling  of 
wheels  is  dispensed  with,  and  four  141, -inch 
cylinders  with  13^  inches  stroke,  and  5  feet 
3  inch  wheels  on  two  independent  axles  aro  em- 
ployed, oue  pair  of  cylinders  and  wheels  at  each 
end  of  the  engine,  with  small  intermediate  carry- 
ing wheels,  3  feet  <>  inches  diameter  ;  the  whole 
on  a  wheel-base  of  1 7  feet  in  length.  The  boiler 
weighs  12£  tons,  the  whole  engine  48  tons,  com- 
prising 7  tons  of  water  and  2  tons  of  fuel  with 
a  traction-weight  of  21  tons.  In  determining 
tho  size  of  the  driving  wheels,  the  engineers  havo 
been  guided  by  their  experienoe  of  the  larger 
wheels  of  their  older  stock  ;  the  7^-feet  driving 
wheel*  having  beeu  succeeded  by  6}-4wt  wheels, 
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on  the  Northern  Railway  of  France ; 


Under*  ISO  inchen  diameter,  1S»  inche*  ttrolte  j  eight 


cylinder* 
I  chimney 


which  they  have  found  to  work  at  least  as  well 
as  the  larger  wheels. 

In  the  designs  of  the  goods  engines,  the  whole 
weight  has  been  utilized  by  coupled  wheels  : — 
First,  in  the  heavy-gradient  locomotive  actually 


I  exhibited,  and,  second,  in  a  four-cylinder  loco- 
j  motive  with  six  axles,  coupled  in  two  groups  of 
|  three,  of  which  a  drawing  was  exhibited.  The 
diameter  of  the  wheels  of  the  latter  is  3  feet 
G  inches,  and,  being  twelve  in  number,  they 
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occupy  a  whcel-baso  19  feet  8  inches  long,  the 
fore  and  hind  axlcboxcs  having  \\  inch  lateral 
play,  to  admit  of  working  on  quick  curves  of 
GOO  feet  radius.  The  engine  has  36  square  feet 
of  fire-grate,  and  2,300  square  feet  of  heating 
surface,  having  464  flue-tubes,  1-j^-  inch  in 
diameter.  The  cylinders  are  16$  inches  dia- 
meter, 17}  inches  stroke.  The  gross  weight  is 
41  tons  empty,  and  37  tons  full,  equally  distri- 
buted, giving  from  9  to  10  tons  to  each  pair  of 
wheels. 

The  "heavy-gradient"  locomotive  has  eight 
wheels,  3  feet  6  inches  diameter,  on  a  base 
12  feet  6  inches  long;  two  cylinders  18  9  inches 
diameter,  18  9  inches  stroke.  It  has  28  feet  of 
grate,  and  a  total  heating  surface  of  1,800 
square  feet,  having  3.36  flue-tubes,  l-*ff  inch  dia- 
meter. The  siqwrheating  chamber  has  129 
square  feet  of  heating  surface.  The  engine 
weighs,  in  working  order,  42|  tons,  equally  dis- 
tributed, giving  10  to  11  tons  weight  per  pair  of 
wheels  (fig.  1 7). 

In  all  of  the  three  kinds  of  engine  exhibited 
by  the  Northern  Railway  Conqmny,  the  cylin- 
ders are  outside,  and  the  valve-gearing  outside 
them  and  overhung,  which  is,  as  already  re- 
marked, the  most  unfavourable  position  of  gearing 
for  continued  accuracy  of  action.  The  weight  is 
top-heavy,  and,  for  a  run  of  230  miles,  the  length 
of  the  line,  they  cannot  well  be  worked  with 
safety  at  the  occasional  high  speeds  demanded  by 
a  large  traffic  on  a  long  line.  The  exhibitors 
base  their  calculations  of  the  capacity  of  engines 
on  heating  surface,  as  such,  which  they  assume 
to  be  equivalent  to  evaporative  power.  It 
may  be  remarked  that  there  is  only  -j^  inch 
clear  space  betweeu  the  336  flue-tubes  of 
the  "  heavy-gradient"  engines,  and  only  inch 
between  the  464  tubes  of  the  four-cylinder 
goods  engine — proportions  utterly  inadequate 
to  maintain  an  effective  circulation  and  evapo- 


FlG. 


rating  action  on  every  unit  of  surface.  Half 
the  number  of  tubes  properly  placed  would  have 
answered  the  purpose  decidedly  better.  The 
best  thing  about  the  engines  is  the  uniform  dis- 
tribution of  tho  weight,  giving  great  tractive 
cajMicity  without  distressing  the  road  on  the 
straight  portions  ;  but  the  wheel-base  is  imprac- 
ticably long  in  the  four-cylinder  engines,  and 
must  greatly  strain  the  engine  and  road  as  well 
as  add  to  the  resistance  on  quick  curves.  The 
exhibitors  havo  not  presented  any  statement  of 
the  consumption  of  fuel  by  tho  engines,  which 
must,  from  their  construction,  weight,  and  ex- 
tensive wheel-base,  be  excessive.  It  may  be 
stated,  however,  that  the  proportion  of  the  trac- 
tive power  (taking  the  effective  mean  pressure  in 
the  cylinders  at  80  per  cent.,  for  low  speeds,  of 
the  pressure  in  tho  boilers,  1 18  lb.)  is  about  one- 
sixth  of  the  weight  for  adhesion,  which  is  a  fair 
proportion,  and  utilizes  the  immense  weight  of 
the  engines.  M.  Flachat,  in  his  notice  of  the 
locomotives  at  the  Exhibition,*  states  that  the 
passenger  engine  is  exj>ected  to  take  13  carriages 
at  43  miles  per  hour,  or  24  carriages  at  30  miles 
per  hour,  up  an  in-line  of  1  in  200 ;  and  that 
the  four-cylinder  goods  engine  will  take  a  load 
of  240  tons  up  an  incline  of  1  in  30.  These 
expectations  are  moderate  enough,  and  certainly 
they  do  not  warrant  such  extraordinary  and 
costly  dej>arturcs  from  the  usual  form  of  locomo- 
tive. 

A  model  of  an  cight-coupled-wheel  goods 
engine,  designed  by  the  late  M.  Polonceau,  was 
exhibited  by  Madame  Polonceau,  the  peculiarity 
of  which  is  the  use  of  an  intermediate  crank- 
shaft, carried  by  the  frame,  to  receive  and  trans- 
mit the  power  by  coupling-rods  to  the  wheels, 
which  are  4  feet  1  inch  diameter,  on  a  base  of 
13  feet.  The  heating  surface  is  2,200  square 
feet,  and  the  weight,  in  working  order,  would  be 
42  tons. 


Amicuhtbd  TaSK-Locomotivi,  by  Messrs.  J.  J.  A  A.  Merer,  Vicmw;  with  four  cylinder*  17  J  inches 
twclTe  coupled  »  heels,  in  two  independent  systems,  3  feet  10  inches  diameter, 


stroke; 


The  designs  of  an  "  articulated  tank-locomo- 
tive  of  great  power" — like  what  is  known  in 
England  as  a  bogie-engine,  were  exhibited  in  the 
French  department  by  Messrs.  J.  J.  &  A.  Meyer, 
of  Vienna,  of  whom  the  senior  partuer  is  the 
inventor  of  the  well-known  variable -expansion 


gear  with  which  his  name  is  associated.  The 
engine  has  twelve  wheels,  nil  coupled,  in  two 
groups  of  six,  with  four  cylinders,  one  pair  to 
each  group  (fig.  1 8).  The  designers  remark  tliat  on 

•  "  AnnalcH  du  Conservatoire  Imperial  dea  Arts  ct 
Metiers."    December,  18G2. 
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many  railways  an  adhesion  weight  of  40  tons  has 
become  insufficient ;  that  the  necessity  for  con- 
structing railways  cheaply  has  led  to  the  adop- 
tion of  steep  gradients  and  quick  curves  ;  that 
the  engines  adapted  to  work  these  lines  must 
have,  in  certain  cases,  SO,  GO,  and  80  tons  adhe- 
sion-weight, with  the  means  of  deflecting  or 
suiting  the  engine  to  the  curves ;  and,  finally, 
they  condemn  the  practice  of  assistant  engines, 
and  that  of  separating  trains  into  two  or  more 
parts,  in  particular  situations,  as  inconvenient 
and  costly. 

In  the  locomotive  proi>osed  by  Messrs.  Meyer, 
the  boiler  is  carried  on  two  distiuct  and  inde- 
pendent frames  of  three  axles  and  six  coupled 
wheels,  with  a  pair  of  cylinders  to  each.  The 
water-tanks  are  in  front,  the  coal-boxes  behind, 
and  the  distribution  of  weight  on  the  two  frames 
is  such  that  the  centre  of  gravity  of  each  load  is 
above  the  centre  axle.  The  boiler  rests  on  the 
frout  frame,  by  a  ball-and-socket  pivot  at  the 
centre,  over  the  middle  axle  ;  and  on  the  back 
frame  by  two  semi-spherical  bearings  on  the 
frame,  one  on  each  side  of  the  fire-box  : — resting 
thus  on  three  points,  whilst  the  front  frame,  or 
steam -bogie  as  it  may  be  called,  is  free,  by 
swivelling  under  the  boiler,  to  follow  the  curves 
and  irregularities  of  the  road.  The  scmi- 
spherical  bearings  at  the  sides  of  the  tire  box 
have  a  limited  play  fore  and  aft,  to  suit  the 
changing  position  of  the  boiler.  The  whole  of 
the  cylinders,  valves,  and  other  mechanism,  are 
outside  the  wheels.  The  whole  weight,  GO  tons, 
is  available  for  adhesion,  10  tons  per  axle. 
Each  frame  stands  on  a  wheel-base  of  8  feet 
G  inches,  and  the  centres  of  the  frames  arc 
22  feet  apart.  The  wheels  are  3  feet  10  inches 
diameter;  the  cylinders  are  17 J  inches  diameter, 
11)^  inches  stroke.  The  tractive  force  is  estimated 
at  22,000  lb.,  one-sixth  of  the  weight,  to  take  a 
gross  weight,  including  the  onginc,  of  2,300  tons 
on  a  level  at  10  miles  per  hour;  340  tons  up  an 
incline  of  1  in  40 ;  and  1 5~>  tons  up  1  in  1 7  (fig.  1 8). 

Messrs.  Meyer  call  their  system  14  the  universal 
system,"  as  it  admits  of  extension  and  adaptation. 
They  have  designed  au  express  engine  with  four 
cylinders  and  twelve  wheels,  of  which  one  pair 
are  drivers ;  a  mixed  engine  with  four  cylinders 
and  twelve  wheels,  and  two  pairs  are  drivers ; 
a  goods  engine  with  four  cylinders  and  sixteen 
coupled  wheels  in  two  frames  ;  another  with  six 
cylinders  and  eighteen  coupled  wheels  in  three 
frames ;  and  an  engine  with  eight  cylinders  and 
twenty-four  coupled  wheels,  in  four  frames. 

This  system  of  Messrs.  Meyer,  which  they 
have  so  ably  designed,  affords  unquestionably 
the  most  satisfactory  solution  of  the  problem 
of  maximum-power  goods  engines.  With  in- 
dependent steam-driven  swivelling  frames, 
they  get  rid  of  a  mass  of  coupling-rods  and 
parallel  motions,  by  which  the  resistance  of  the 
engine  is  materially  reduced  in  its  working  parts, 
and  in  passing  along  curves  leaving  a  balance 
of  power  for  useful  work. 


Belgium. — There  was  but  one  locomotive  from 
Belgium, — a  six-coupled-wheel  inside-cylinder 
engine,  made  aud  exhibited  by  tho  "Societo 
Anonyme"  of  C'ouillet  for  tho  Belgian  State 
Railway,  to  the  designs  of  M.  Belpaire,  engineer- 

1  in-chief  of  the  railway.  The  fire-box  is  on 
M.  Belpaire's  system,  a  reproduction  of  Mr. 
Cudworth's,  with  a  long  inclined  grate,  but 
wanting  the  longitudinal  partition.  The  fire- 
box affords  tho  sameadvantageas  Mr.  Cudworth's, 
in  admitting  the  hind  axle  below  it,  giving  a 
moderate  wheel-base,  in  this  instance  13  feet 
1  iuch,  and  equalising  the  distribution  of  the 

1  load  on  the  wheels,  which  is  as  follows  : — 

Ton*  ewt. 

Loading  Wheels    11  O 

Middle       do   11  9 

Ilind         do   11  0 

Total    33  *J 

But  the  connection  of  the  machinery  and  framing 
is  radically  defective.  The  three  axles  have  each 
two  outside  bearings,  carried  by  two  single 
outside  frame-plates,  and  tho  crauked  axle  has 
only  one  additional  beariug,  4{  inches  long, 
placed  in  the  centre,  between  the  cranks.  This 
single  narrow  bearing,  compressed  between  the 
two  cranks,  is  exjiosed  to  and  must  receive  the 
entire  fore  and  aft  strain  of  the  steam-pressure  ; 
whilst  the  outside  bearings,  7  inches  long,  aro 
more  than  G  feet  apart,  and  in  consoquenco  of 
the  elasticity  of  tho  cranked  axle,  recoivo  very 
little  of  the  fore  and  aft  thrust  and  pull.  But 
the  middle  bearing  must  ultimately  wear  loose, 
and  the  whole  of  this  strain  will  be  throwu  upon 
the  outer  bearings,  at  G  feet  centres,  in  addition 
to  tho  strain  arising  from  the  loads  on  the  l>ear- 
|  ings  outside,  which  will  of  course  break  tho  axle. 
Again,  tho  fasteuing  of  the  cylinders  to  tho 
frame  is  effected  through  the  valve-chests, 
which  are  exterior  to  the  cylinders,  in  two 
castings,  spanning,  likewise,  a  space  of  G  feet 
between  the  plates, — a  disjHisition  which,  unless 
the  cylinder  castings  are  made  exceedingly 
strong  and  heavy,  will  also  overstrain  and 
break  tho  connections.  On  the  contrary,  by 
devoting,  in  this  engine,  thesjMico  on  the  cranked 
axle  usually  occupied  by  the  inside  bearings,  to 
the  valve-gear  and  eccentrics,  the  valve -motion 
is  very  conveniently  accommodated,  and  pro- 
bably this  slight  advantage  was  the  inducement 
to  depart  from  the  usual  and  indispensable 
application  of  well-proportioned  and  sulwtauti- 
ally  constructed  inside  bearings  at  the  wheels. 

Austria. — The  States  Jiailxoay  Company. — 
I  Two  engines  were  exhibited  from  this  railway;  of 
which  the  first  is  a  passenger  engine,  the  "Duplex," 
with  four  cylinders  and  four  cranks  on  a  single 
driving  axle,  specially  designed  for  steady  run- 
ning at  high  speeds.  Mr.  Haswcll,  the  engineer, 
and  designer,  sujwrsedes  tho  usual  counter- 
weights in  the  driving  wheels,  and  causes  the 
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reciprocating  and  working  parts  to  balance  each 
other  by  placing  a  pair  of  cylinders  side  by  side 
and  connecting  them  to  a  crank  and  return-crank 
opposed  to  each  other  on  each  side  of  the  engine, 
ho  that  the  pistons  on  each  side  and  all  their 
connections  move  in   contrary  directions  and 

Fio.  19. 


6iLr-BAL*xcsn  Kirim  Locomotive,  the  "  Pcrux,"  1 
State*  Hnilwav,  with  two  pair*  of  cylinder*  10J  inches 
one  pair  of  driving  wheels  0  feet  9  inchei  diameter. 

balance  the  inertia  of  each  other.  The  cylinders 
are  10J  inches  diameter,  with  24§  inches  stroke, 
and  G  feet  9  inch  driving  wheels.    There  can  be 


cylinders  are  fixed  on  the  fore  part,  the  tank  on 
the  hind  i>art,  and  the  wheels  on  the  fore  frame 
are  coupled  with  those  of  the  hind  frame  by 
means  of  an  intermediate  shaft  and  radiating 
]Mirallel-motion,  ingeniously  contrived  to  adapt 
itself  to  the  varying  angularity  of  the  hind  frame 
on  curves,  and  at  the  same 
time  to  continue  to  transmit 
the  j>ower  from  the  first  to 
the  second  frame.  This  plan 
of  connection  has  been  de- 
signed to  supersede  Engerth's 
mode  of  coupling  the  axles  by 
spur  wheels.  The  interme- 
diate shaft  was  proposed  in 
1 852  by  Mr.  Kirchweger,  and 
the  application,  as  exhibited, 
was  worked  out  by  Mr.  Pius 
Fink.  The  intermediate  shaft 
has  overhung  cranks,  and  is 
carried  above  and  by  the  fore 
axle  of  the  tender  on  spherical 
bearings ;  and  it  i9  connected  to, 
and  at  a  proper  distance  apart 
from,  the  hind  axle  of  the  engine,  by  rods, 
also  with  spherical  bearings.  The  relative  posi- 
tions of  the  three  axles  being  thus  fixed,  the 


no  question  that  the  system  is  perfectly  successful  I  power  is  transmitted  from  the  hind  or  driving 


in  effoctiug  the  object  in  view  ;  and  had  it  been 
brought  out  twenty  years  ago  it  would  have 
been  highly  appreciated.  But  the  system  is  not 
likely  to  become  popular,  as  the  equilibration 
of  engines  is,  and  has  been  for  ten  years, 
completely  accomplished,  for  practical  pur[>oses, 
by  means  of  counterweights,  with  two  cylinders ; 
unless,  indeed,  railway  companies,  in  the  nice  of 
competition,  should  aim  at  speeds  of  80  or  100 
miles  per  hour  (tig.  19). 

The  other  engine,  the  "Steierdorf,"  is  a 
tank-engine  of  the  Engerth  system,  with  five- 
coupled  axles.  The  boiler  rests  on  two  frames, 
coupled  together  by  a  pivot-lmlt     The  steam 


axle  of  the  engine,  by  coupling-rods,  to  interme- 
diate cranks,  and  thence  to  the  outside  cranks 
of  the  fore  tender-axle,  and  further  by  coupliug- 
rods  to  the  hind-axle.  The  wheels  are  3  feet 
3£  inches  diameter,  the  cylinders  18 J  inches 
by  24£  inches.  The  total  weight  in  working 
order  46  tons.  The  fire-box,  made  for  burning 
coke,  has  15  square  feet  of  grate,  and,  with 
great  good  sense  and  reticence,  there  are  intro- 
duced only  158  flue-tubes  2-j1,-  inches  diameter, 
with  plenty  of  clear  space  between  them 
(fig.  20). 

Herz. — A  drawing  is  exhibited  of  a  small  tank- 
locomotive,  by  Dr.  Herz,  which  he  calls  "an 


Fio.  20. 


Anno  i-itko  TaSck.Txm-omotivi:  the  "  Stkhcidobf,"  by  Mr.  Haswell,  on  the  Auitrian  State*  Railway ;  with  one 
pair  of  cylinder*  Is*  inchei  diameter,  U[  luche*  (troke,  and  ten  coupled  wheel*  3  feet  3)  niche*  ( 


economical  locomotive,"  in 
nothing  further  to  remark. 


which    there  is 


Prussia. — Borsig. — There  is  only  one  engine 
from  Prussia,  exhibited  by  31  r.  A.  Borsig.  It  is 


a  six-wheel  four-coupled  engine,  with  outside 
cylinders  17  inches  by  22  inches,  and  driving 
wheels  of  4  feet  G  inches,  the  hind  wheels  being 
coupled,  and  all  the  axles  being  between  the 
fire-box  and  smoke-box.    This  type  of  engine  is 
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exclusively  employed  on  the  Minden  and 
Cologne  Railway,  for  mixed  and  goods  trains.  J 
It  is  employed  also  on  many  other  German 
railways.  The  free  use  of  steel  in  the  construction 
of  this  engine  confors  upon  it  an  air  of  lightness, 
perhaps  too  great  lightness,  which  contrasts 
strangely  with  the  heaviness  of  the  tender. 
The  proportions  of  the  boiler  are  good,  and  this, 
in  addition  to  the  very  excellent  and  well-finished 
work,  may  account  for  the  popularity  of  this 
class  of  engine;  but  there  are  grave  defects 
about  it  which  much  detract  from  its  usefulness. 
The  suspended  weight  is  placed  on  three  points 
by  a  cross  spring  over  the  fore  axle,  aud  equal- 
ising levers  or  beams  connecting  on  each  side  ; 
the  coupled-axle  springs.  This  notion  of  a 
triangular  bearing,  with  the  apex  in  front — 
much  made  of  at  one  time, — is  now  nearly 
discarded  in  England,  giving  the  engine  a  dan- 
gerous freedom  of  movement  at  high  speeds. 
The  cylinders  are  fitted  with  double  valves 
similar  to  Bodmer's  old  valve  for  variable 
expansion,  the  expansion-valve  being  on  the 
back  of  the  other,  with  a  central  passage  for 
steam  through  it ;  the  lower  or  leading  valve  is 
worked  by  a  link-motion  in  the  usual  manner, 
and  the  upper  valve  by  a  separate  rod  from  the  fore 
eccentric,  working  in  a  grooved  sector  similar 
to  Hawthorn's  old  motion,  from  which  a  variable 
travel  and  cut-off  are  communicated  to  the  valve. 
The  Bteam-port  opens  for  the  exhaust  at  nine- 
tenths  of  the  stroke,  for  all  degrees  of  expansion, 
and  is  only  opened  §  inch  for  the  exhaust  when 
the  piston  arrrives  at  the  end  of  the  stroke. 
As  the  8team-i>ort8  are  only  9  inches  long  by 
1^  inch  wide,  having  a  sectional  area  of  11  j  ' 
square  inches,  or  only  one-twentieth  of  that  of 
the  piston,  it  is  obvious  in  the  first  place  that 
they  are  too  small  for  the  escajie  of  exhaust 
steam,  and  that  a  considerable  degree  of  back 
pressure  on  the  piston  must  act  on  the  piston  at 
working  speeds,  even  if  the  port  were  full  open 
for  exhaust  at  the  end  of  tho  stroke.  But,  as  it 
is  only  $  inch  open  at  this  point,  there  can  be 
no  doubt  the  back  pressuro  is  seriously  increased 
in  consequence  ;  and  more  particularly  with  an 
outside  cooling  cylinder.  For  a  17), -inch  outside 
cylinder,  in  Neilson's  engine,  a  steam-port  is  pro- 
vided, 13  inches  long  by  1£  inch  wide,  having  21 
square  inches  of  sectional  area,  onc-clovcnth  of 
that  of  tho  piston ;  his  valve,  moreover,  is  open 
rail  port  for  tho  exhaust,  when  the  piston 
reaches  the  end  of  the  stroke.  Further,  it 
is  not  good  practice  to  fix  the  same  point  of 
the  stroke  for  the  exhaust  under  all  degrees  of 
expansion  ;  high  expansive-working  in  usually 
practised  at  high  speeds,  and  therefore  the 
exhaust  should  be  appointed  to  open  earlier  in 
the  course  of  the  stroke,  for  the  higher  grades 
of  cut-off  and  expansion,  in  order  to  give  the 
steam  greater  liberty  for  escape  before  the 
piston  returns  upon  it.  These  conditions  of  the 
good  working  of  steam  are  comprehended  in 
Stephenson's  expansion-link  motion,  and  are  now  | 


thoroughly  appreciated  and  established  in  Eng- 
lish practice.  Borsig's  or  Bodmer's  valve  came 
out  when  everybody,  twenty  years  ago,  was 
scheming  a  new  expansion-valve  motion  that 
would  rival  or  supersede  the  link-motion,  which 
has  not  yet  l>een  accomplished. 

In  employing  cast-steel  for  the  working  parts 
of  his  engine,  as  the  piston-rods,  the  connecting 
and  coupling  rods,  and  the  crank-pins,  Mr.  Bor- 
sig  has  reduced,  in  some  cases,  the  dimensions  of 
the  wearing  surfaces.  The  bearings  of  the  coup- 
ling-rods are  reduced,  in  fact,  in  proportion  to  the 
size  of  the  rods  ;  though  it  is  reasonable  that,  as 
the  strains  remain  the  same,  the  sizes  of  the 
wearing  surfaces  should  not  be  altered.  The 
axle-boxes  are  of  wrought-iron. 

Saxon  v. — Hartmann. — Mr.  Hartmann,  of 
Chemnitz,  exhibited  a  six-wheel  four-coupled 
engine,  specially  designed  to  work  in  mountain- 
ous districts.  It  is,  in  fact,  a  bogie-engine, 
having  four  coupled  wheels,  4  feet  C  inches  dia- 
meter, with  21  tons  on  them  for  adhesion,  and  a 
swivelling  truck,  like  Bissell's,  in  front,  with 
7  tons,  making  a  total  of  28  tons.  The  cylinders 
are  15  inches  by  22  inches  stroke,  and  are  out- 
side, with  outside  valve-gearing,  as  is  fashionable 
on  the  continent.  The  framiug  has  two  longitu- 
dinal plates,  8  inches  deep,  \\  inch  thick,  from 
which  the  cylinders  depend,  with  16  inches  of 
overhang.  This  is  an  excessive  overhang  upon  so 
narrow  a  base-plate,  and,  the  valve-gear  being  still 
further  overhung,  the  valve  is  shaken  at  every 
stroke,  as  the  axle-boxes  wear  loose.  Overhung 
eccentrics  and  valve-gear,  outside  the  crank-pin, 
never  do  well  for  heavy  work,  in  consequence  of 
their  unsteadiness  in  tliat  situation.  The  best 
feature  in  this  engine  is  tho  swivelling  truck, 
with  a  triangular  frame,  which  carries  the  fore 
part  of  the  engine  on  one  pair  of  wheels,  with 
a  limited  but  sufficient  allowance  of  lateral  play, 
and  radiates  on  a  pivot  behind  it,  fixed  under 
the  boiler.  With  a  flexible  wheel-base,  only  1 1 
feet  9  inches  long,  there  is  no  doubt  that  in  this, 
aud  in  engines  of  ordinary  size,  the  Bissell  truck 
is  well  adapted  for  leading  them  rouud  the 
quickest  curves  likely  to  bo  found  iu  practice. 

ITALY. — Fictrarm  Royal  Works,  Naples. — 
An  inside-cylinder  six-coupled  locomotive  is  ex- 
hibited, of  the  old  school,  creditable  to  the  rising 
genius  of  Italy. 

it.  T.  Agudio,  of  Turin,  exhibited  a  model  of 
a  traction -carriage  for  moving  heavy  trains  along 
steep  inclines  by  means  of  roj>es.  He  uses  two, 
instead  of  a  single  wire  rojie,  whereby  ho  expects 
to  obtain  considerable  economy  over  the  ordinary 
endless-rope  system,  and  to  make  the  apparatus 
safer  and  more  certain  and  effective  in  its  action. 
"It  is  proposed  to  attach  a  traction  frame  or  car- 
riage, mounted  upon  two  four-wheeled  bogies,  at 
the  front  and  rear  ends.  The  centre  portion  of 
this  frame  carries  two  shafts,  each  provided  with 
a  fast  and  loose  grooved  pulley  or  drum.  A 
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strong  flat  wire  rope  is  passed  round  the  two  fast 
drums,  and  guided  on  to  thcin  by  the  loose  pul- 
leys. It  is  fixed  at  the  upper  extremity,  and 
kept  distended  by  a  heavy  weight  at  the  lower 
end  of  the  inclined  plane.  In  order  to  commu- 
nicate motion  to  the  two  fast  drums,  an  endless 
slender  wire  rope  is  carried  tlu*oughout  the  length 
of  the  incline  ;  the  ascending  side  of  this  endless 
rope  is  passed  round  a  grooved  pulley  fixed  on 
the  end  of  one  of  the  drum -shafts,  and  the 
descending  side  of  the  same  rope  is  passed  round 
a  grooved  pulley  fixed  on  the  end  of  a  central 
shaft  situate  between,  and  j>arallel  to,  the  two 
drum-shafts.  This  central  shaft  carries  a  friction- 
wheel  or  pinion,  which  imparts  motion  to  two 
larger  friction-wheels,  respectively  keyed  on  to 
the  two  drum-shafts,  and  bearing  upon  opposite 
sides  of  the  circumference  of  the  central  friction- 
wheel  or  pinion,  against  which  they  are  forcibly 
held  by  the  tension  of  the  flat  hauling  wire  rope 
passing  round  the  two  drums.  When  the  endless 
wire  rope  is  set  in  motion  by  means  of  a  fixed 
engine  at  the  top  or  bottom  of  the  incline,  or  by 
both,  motion  is  imparted  to  the  two  drums,  and 
these  act  upon  the  flat  wire  rope,  and  thus  haul 
the  train  up  the  incline.  The  dimensions  of  the 
drums  and  pulleys  admit  of  the  endless  ro|>e 
travelling  at  about  double  the  speed  of  the  train  ; 
and  by  the  simultaneous  combined  action  of  the 
ascending  and  descending  sides  of  the  endless 
rope  on  the  pulleys,  it  is  only  subjected  to  about 
one-fourth  of  the  strain  it  would  have  to  bear 
under  the  ordinary  system,  where  a  train  is 
hauled  directly  by  the  single  ascending  side  of 
the  endless  rope  attached  to  tho  train,  without 
the  intervention  of  any  pulleys.  A  break  is 
fixed  on  tho  carriage  to  prevent  accidents,  in  tho 
event  of  a  rope  breaking  ;  and  by  using  sepa- 
rate fixed  engines  for  the  ascending  and  descend- 
ing sides  of  the  endless  rope,  it  is  thought  that 
if  one  of  the  engines  should  be  disabled,  the 
other  could  still  be  worked  ;  and  thus  tho  traffic 
on  tho  line  need  not  be  stopped. ^ 


CHAPTER  V. 

CONCLUDING  CHAPTER  ON  LOCOMOTIVES. 

It  appears  that  the  exigencies  of  continental 
railway  traffic  havo  demanded  a  greater  variety  of 
locomotive  engines  than  have  beenfound  necessary 
in  the  United  Kingdom.  Trains  on  the  continent 
are  heavier,  speeds  are  lower,  and,  more  than 
all,  inclines  are  steeper.  Whilst  then,  the  marks 
of  progress  in  English  engines  are  to  bo  found 
mainly  in  refinements  upon  the  normal  types, 
foreign  engineers  havo  discarded  our  traditionary 
types,  and  have  specialised  in  more  than  one  direc- 
tion. In  England,  engineershavcarrivedathigher 
speeds,  with  more  powerful  boilers  and  increased 
driving  or  adhesion-weight  The  means  of  satis- 
factorily balancing  the  reciprocatiug  and  revolv- 


ing machinery,  theretofore  the  bane  of  the  out- 
side-cylinder  engine,  by  counterweighting  the 
wheels  and  steadying  the  engine,  having  been 
discovered  and  carried  into  practice  since  1851, 
so  that  the  outside-cylinder  engine,  properly 
balanced,  runs  even  more  steadily  than  tho 
inside-cylinder  engine,  locomotists  have  em- 
ployed outside-cylinders  for  high  Rpeed  and  other 
duty  with  complete  success.  Outside  cylinders 
have  not,  however,  been  employed  for  the 
heaviest  work.  The  inside  cylinder  is  retained 
for  the  six-coupled  goods-engine,  and  it  is  not 
likely  to  give  way  to  the  outside  cylinder  for 
that  class  of  work.  But  for  passenger- traffic, 
with  four-coupled  wheels,  and  the  lighter  traffic 
of  collieries,  and  other  private  establishments, 
the  outside  cylinder  is  well  suited,  and  is  exten- 
sively applied.  It  is,  however,  to  be  explained 
that  the  advantage  of  the  six-coupled  engine  is 
limited  to  the  old  and  the  comparatively  straight 
lines  of  railway,  on  which  the  destruction  of 
cranked  axles  is  not  rapid,  and  the  wear  and 
tear  of  tires  not  severe.  For  lines  with  preva- 
lent curves,  tho  four-coupled  outside-cy Under 
engine  surpasses  in  efficiency  and  economy  the 
six-coupled, — runningou  curves  with  greater  faci- 
lity, utilising  the  adhesion- weight  better,  and 
being  subject  to  less  tear  and  wear.  Hence  the 
six-coupled  engine,  with  inside  cylinders,  is  to  be 
found  chiefly  on  the  Southern  and  North- Eastern 
Divisions  of  the  Loudon  and  North- Western 
Railway,  tho  Great  Western,  the  Midland,  tho 
South-Eastern,  the  London,  Brighton,  and  South 
Coast,  the  Great  Northern,  the  North- Eastern, 
and  the  Edinburgh  aud  Glasgow  Railways — in 
short,  the  older  and  straighter  Hues  (tho  Great 
Northern,  though  a  newer,  is  one  of  the 
straighter  lines).  On  the  contrary,  the  outside 
cylinder,  with  single,  and  with  four-coupled  wheels, 
are  to  be  found  on  tho  Northern  Division  of  the 
London  and  North-Western  Railway,  the  Lan- 
caster and  Carlisle,  Caledonian,  Scottish  Central, 
Scottish  North-Easteru,  and  Great  North  of 
Scotland,  which  are  newer  linos,  and  have  many 
quick  curves.  The  London  and  South- Western, 
and  the  Great  Eastern  Railways,  it  is  true,  are 
of  the  older  and  straighter  class,  and  are  stocked, 
or  being  stocked,  with  outside-cylinder  engines 
and  their  correlatives,  straight  axles;  but  the 
former  line  was  initiated  with  outside  cylinders 
by  the  great  apostle  of  straight  axles,  Joseph 
Locke,  who  was  the  cngincer-in-chief  of  the  line, 
and  who  imported  his  experience  of  the  broken 
and  short-lived  cranked  axles,  and  the  durability 
of  the  straight  axles  on  the  originid  Grand  Junc- 
tion (Ijondon  and  North  -  Western  Railway, 
Northern  Division),  aud  resolved,  like  a  man 
of  sense  aud  exj>erience,  when  he  had  a  good 
thing,  to  keep  it  The  Eastern  Counties,  again, 
was  originally  stocked  with  inside  cylinder 
engines  ;  but  the  engines  having  passed  into  the 
care  of  Mr.  J.  V.  Gooch,  who  brought  from  the 
London  and  South- Western  Railway  his  expe- 
rience of  outside  cylinders,  the  stock  received 
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an  infusion  of  outside-cylinder  passenger  engines ;  i 
and  having,  at  a  later  period,  been  placed  under  I 
the  care  of  Mr.  R.  Sinclair,  who  brought  with 
him  likewise  his  experience  of  outside  cylinders 
— first,  from  the  Paris  and  Rouen  Railway, 
with  Mr.  Buddicom  ;  secondly,  from  the  Cale- 
donian Railway,  as  chief  engineer  and  locomo- 
tist ;— the  stock  of  the  Great  Eastern  received 
an  additional  infusion  of  outside  cylinders — 
mostly  with  four-coupled  wheels,  no  six-coupled 
wheels.  A  promineut  exception  amongst  the 
newer  and  more  sinuous  lines  is  the  North  Bri- 
tish  Railway,  where  inside  cylinders  have  been  | 
universal  ;  but  they  were  introduced  by  the  | 
chief  engineer,  who  was  also  the  engineer-in- 
chief  of  the  Edinburgh  and  Glasgow  Railway 
— a  first-class  line  for  directness  and  flatness 
— where  inside  cylinders  had  answered  perfectly 
well.  It  has  nevertheless  been  found  that,  on 
that  railway — the  North  British — the  wear  of 
six-coupled  engines  is  excessive ;  that  the  wear 
of  four-coupled  engines  is  much  less ;  and  that 
the  latter  do  more  work  with  more  ease  and 
less  cost  of  maintenance ;  and,  doubtless,  the 
outside  cylinder  and  straight  axle  will  find  their 
way  on  that  line. 

In  England,  engineers  have  avoided  the  use 
of  more  than  six  coupled  wheels  in  one  engine  ; 
they  know  that  three  wheels  coupled  in  one 
line  are  sufficiently  powerful  and  sufficiently 
troublesome  ;  and  they  prefer  to  supplement  the 
power,  when  necessary,  with  an  additional  engine. 
On  the  continent,  great  efforts  have,  on  the  con- 
trary, been  made  to  construct  an  efficient  engine 
with  great  tractive  force,  and  enormous  weight 
for  adhesion,  to  ascend  the  long  and  heavy  in- 
clines peculiar  to  mountainous  districts.  The  sub- 
division and  placing  of  the  weight  in  moderate 
loads  on  the  rails  have  been  effected  with  ease  by 
distributing  it  over  a  sufficient  number  of  wheels 
and  axles.  But  the  most  important  problem 
has  been  to  reconcilo  the  unavoidable  extension 
of  wheel-base,  in  a  straight  line,  with  the 
excessive  curvature  of  the  railways ;  for  natur- 
ally, though  unfortunately,  heavy  gradients  and 
quick  curves  are  in  general  to  be  found  in 
company. 

The  system  adopted  on  the  Northern  Railway 
of  France,  already  described,  must  fail  to  answer 
the  requirements,  as,  with  a  wheel-base  so  ex- 
tended, the  resistance  of  the  engine  itself  must 
absorb  a  great  proportion  of  the  tractive  jjowcr. 
A  flexible  wheel-base  Ls  indis{>ensable,  and  un- 
questionably two  ordinary  engines  connected 
together  would  operate  much  more  efficiently 
and  economically  than  the  vast  masses  actually 
employed.  The  arguments  of  the  engineers  of 
the  Great  Northern  of  Franco  against  the  use 
of  coupling-rods  for  the  wheels  of  passenger- 
engines,  and  the  consequent  proposal  to  substi- 
tute two  independent  pairs  of  driving  wheels 
with  independent  cylinders  must  ap|>ear  to  be 
trivial,  for  in  another  class  of  their  engines, — 
the  "  heavy  gradient," — eight  wheels  are  coupled 


on  four  axles.  The  truth  is,  for  working  four 
driving  wheels,  one  pair  of  cylinders  with  coup- 
ling-rods is  the  best  method  of  providing  adhesion- 
weight,  more  especially  as  by  the  use  of  steel  in 
tires  their  excessive  and  unequal  wear  and 
straining  are  to  a  great  extent  prevented.  At 
all  events,  the  wear  may  be  regulated  and  equal- 
ized, which  removes  the  only  objection  worth 
consideration. 

The  Austrian  system  of  coupling  over  an 
extensive  wheel-base,  by  a  self-acting  radial 
adjustment,  in  the  "Steierdorf"  (fig.  20),  is  a 
decidedly  better  plan,  and  it  merits  a  thorough 
trial.  There  is  nevertheless  a  complication  of 
mechanism,  with  many  rubbing  surfaces  and 
spherical  joints,  liable  to  occasional  overstraining 
in  transmitting  the  power  over  a  long  distance 
through  a  flexible  connection ;  and  engineers 
must  look  in  another  direction  for  a  comprehen- 
sive and  satisfactory  solution  of  the  problem. 

The  system  of  Messrs.  Meyer  (fig.  18),  ap]>ears 
to  be  the  best  yet  brought  forward  for  distri- 
buting steam-power  over  a  flexible  train  of 
coupled  wheels.    It  is  lmsed  on  sound  principles, 
as  exjteriencc  will  no  doubt  prove.    It  Ls  known 
that  practically  a  locomotive-boiler  delivers  a 
:  l>etter  supply  of  steam  to  a  given  pair  of 
'  cylinders  fully  worked  at  a  low  sjteed,  than 
at  a  high  sjieed,  with  ordinary  management. 
The  steam  blows  off,  and  there  is  plenty  to 
|  spare.    By  making  the  boiler  a  little  larger, 
I  then,  Messrs.  Meyer  justly  reckon  that  they 
'  can  supply  steam  for  four  cylinders  at  a  low 
s|>ced,  as  well  as  for  two,  and  they  therefore 
divide  the  train  of  wheels  into  two  inde|>cndent 
groups  under  the  boiler,  each  group  free  to  adapt 
itself  to  the  line  of  rails,  and  fitted  with  a 
jwir  of1  cylinders  and  the  necessary  coupling- 
rods,  with  a  separate  supply  of  steam.   In  short, 
they  employ  two  steam-bogies,  which  carry  the 
boiler  and  its  accessories  on  their  backs,  like  a 
load  of  timber  on  a  couple  of  swivelling  timber- 
trucks. 

Locomotive  engineers,  |>articularly  foreign  en- 
gineers, appear  to  have  overrated  the  abstract 
value  of  heating  surface.  Scarcely  alive  to 
the  great  importance  of  free  passage  for 
currents  of  water  in  intimate  contact  with  the 
heating  surface,  whether  of  the  fire-box  or  of 
the  tubes,  many  engineers  have  reduced  the 
width  of  the  water-spaces  around  the  fire-box  to 
a  minimum  barely  sufficient  to  preserve  the 
plates  from  being  over-heated  ;  they  have  like- 
wise placed  the  flue-tubes  so  near  to  each  other, 
and  in  such  large  numbers,  as  to  defeat 
their  object  of  increasing  the  Bteam-produciug 
power  of  the  boilers,  because  they  have  ren- 
dered it  impossible  for  tho  water,  crowded  with 
struggling  globules  of  steam,  to  reach  the  surface 
of  each  tube,  and  to  be  evaporated.  TuIkj -sur- 
face under  such  circumstances  is  inactive,  and 
ultimately  becomes  mischievous,  for  the  sedi- 
ment deposited  by  water  in  boilers  will,  if  not 
scoured  out,  coat  the  tubes  and  block  up  the 
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interspaces  altogether.  The  greatest  number 
of  tubes  known  to  have  been  applied  in  England 
are  the  305  tubes  of  the  Great  Western  express  I 
engines  of  the  class  of  "The  Lord  of  the  Isles," 
exhibited  in  1851.  In  these  the  tubes,  2  inches 
diameter,  are  placed  only  £  inch  apart,  and 
are  not  so  effective  for  evaporation  as  the  tubes 
of  earlier  engines  on  that  line,  which  were  fewer 
in  number,  but  were  placed  at  from  $  to  1  inch 
clear.  *  In  the  English  engines  exhibited  in 
1862,  the  greatest  number  of  tubes  was  215,  by 
Messrs.  Beyer,  Peacock  <fc  Co.,  -fc  inch  clear ; 
and  the  North- Western  Company  applied  214 
at  ^  inch  clearance.  The  best  English  practice 
exhibited  is  to  be  found  in  the  North-Western 
engine,  "  The  Lady  of  the  Lake  Mr.  Connors 
engine,  by  Messrs.  Neilson  «k  Co.,  and  Mr.  Sin-  I 
cluir's  engine ;  all  of  which,  singularly  enough, 
have  identically  the  same  proportion — 192  tubes, 
1 1  inch  diameter,  jj  iuch  clear,  placed  in  a  barrel 
3  feet  10  inches  inside  diameter.  The  goodness 
of  these  proportions  is  proved  by  tho  very 
satisfactory  performances  of  the  engines,  under 
very  different  circumstances.  The  greatest  num- 
ber of  tubes  exhibited  iu  the  foreign  engines  is 
356  tubes,  with  -jL  iuch  clearance,  in  the  heavy- 
gradient  engines  on  the  Northern  Railway  of 
France.  The  drawings  further  exhibit  tho 
12-wheeled  goods  engine  with  464  tubes,  having 
■ft  inch  clearance.  These  proportions  will  dis- 
appoint tho  expectations  of  the  projector ;  and 
the  experience  of  a  few  years  will,  it  is  pre- 
sumed, modify  the  extreme  views  about  heating 
surface  entertained  on  the  continent 

The  distinction  between  fire-boxes  for  burning 
cool  and  those  for  burning  coal-slack  should  not 
be  overlooked.  For  coal,  13  to  15  square  feet 
of  grate  is  sufficient ;  for  slack,  the  North- 
Western  Company  provides  25  feet  of  grate, 
and  Messrs.  Sharp,  Stewart  &  Co.,  27$  feet 
The  difference  of  fuel  leads  to  a  difference 
of  treatment,  inasmuch  as  special  provision  is 
made  for  the  admission  of  air  above  coal  in 
burning,  in  addition  to  that  which  passes 
through  the  grate.  For  slack,  no  such  provi- 
sion is  practised  ;  the  layer  of  fresh  fuel  is 
thin,  and  a  sufficient  quantity  of  air  is  drawn 
through  the  large  surface  of  grate ;  at  the 
MM  time,  the  fuel  is  charged  in  smaller  quan- 
tities, and  much  more  frequently,  than  coal  in 
lumps. 

In  their  modes  of  placing  the  machinery  on 
tho  frame,  continental  eugiueers  have  shown 
how  un  inferior  thing  can  be  made  to  do.  Next 
to  heating  surface,  their  jxartiality  is  observable 
for  overhung  valve-gearing  upon  outside  cylin- 
ders,— in  the  most  unfavourable  position  for 
efficiency  and  handiness  of  engine. 

Giffitrd's  injectors  have  been  extensively  em- 
ployed as  a  substitute  for  the  ordinary  feed 
pumps,  and  the  general  adoption  of  them  by 

*  For  an  experimental  investigation  of  this  impor- 
tant  subject,  see  tho  Author's  work  on  "  Railway 
Machinery,"  pages  167  and  158. 


locomotive  engineers  in  England  and  on  the 
continent,  is  an  evidence  of  their  popularity  and 
general  efficiency.  The  only  apparent  objection 
to  the  use  of  the  injector  is  its  inability  to  deliver 
heated  water  at  more  than  120°  Fahrenheit  of 
temperature,  as  it  prevents  the  use  of  means  for 
heating  the  feed  water  by  the  contact  or  mix- 
ture of  tho  water  with  the  exhaust  steam  ; 
though  it  may  be  used  with  surface-heaters.  The 
injector,  as  all  the  world  knows,  acts  by  the  force 
of  a  jet  of  steam  from  the  boiler,  delivered  into 
a  conical  orifice,  drawing  or  sucking  with  it  a 
current  of  feed-water  into  the  orifice.  The 
water  condenses  the  steam,  and  the  resulting 
mass  of  heated  water,  in  virtue  of  the  velocity 
of  the  steam-element  now  imparted  to  the  mass, 
forces  its  way  through  the  delivery  valve  into  the 
boiler.  The  invention  is  very  ingenious  and  is 
most  creditable  to  the  inventor  ;  and  is  not  the 
less  so,  that  it  is  paradoxical, — an  inferior  pres- 
sure apparently  overpowering  a  greater  : — steam 
from  the  boiler  describing  a  circuit,  and  forcing 
its  way  back  again.  The  injector  operates  inde- 
pendently of  the  speed  of  the  engine,  and  acts 
when  the  engine  is  at  rest,  thus  superseding  the 
donkey-engiue.  A  notice  of  the  injector  will  be 
found  with  the  description  of  the  machine-tools 
exhibited  by  Messrs.  Sharp,  Stewart,  Jr  Co. 


CHAPTER  VI. 

RAILWAY  CARRIAGES  AND  WAGGON'S. 

The  classification  of  Railway  Carriages  is  de- 
signed to  meet  the  various  requirements  of  the 
travelling  public  :  some  preferring  ease,  seclu- 
sion, luxury,  high  speed  ;  others  preferring 
society,  if  tolerable,  and  economy,  with  moderate 
comfort  and  moderate  speed  ;  others  looking  to 
economy  simply.  For  the  sako  of  uniformity 
externally,  and  in  many  of  the  details,  carnages 
are  usually  made  of  the  same  general  dimensions. 
The  attainment  of  uniformity  of  waggons  is  more 
important  than  that  of  carriages,  as  their  total 
number  and  cost  are  much  greater,  and  super- 
vision is  less  minute.  Ono  of  the  greatest 
engineering  evils  that  has  been  inflicted  u]Hm 
railway  companies  has  arisen  from  the  want  of 
arrangement  or  consultation  between  tho  officers 
of  different  lines,  in  order  to  consider  the  ques- 
tion, common  to  all,  of  the  best  plan  and  con- 
struction of  vehicles  to  be  used  by  them.  The 
result  has  been,  that  several  companies  have 
built  classes  of  stock  unsuited  to  work  conjointly 
the  traffic  of  their  own  and  other  lines.  Diver- 
sity of  practice  has  no  doubt  been  i>artly  occa- 
sioned by  tho  growing  wants  of  traffic,  and  the 
gradual  increase  in  rapacity  and  tonnage  of  the 
carrying  stock,  incurring  unavoidable  structural 
alteration.  Amongst  the  early  contributors  to 
the  production  of  the  railway  waggon  were  to 
be  found  the  great  carriers,  their  agents,  road- 
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contractors,  farmers,  builders,  wheelwrights, 
salesmen,  graziers,  timber-merchants,  and  whose 
oecujxations  and  opinions,  it  may  be  imagined, 
gave  birth  to  a  wide  diversity  of  practice. 
Another  reason  for  the  want  of  harmony  in  past 
practice  has  been  the  separation  of  the  duties 
of  engine  superintendence  from  those  of  carriage 
and  waggon  superintendence.  The  carriage 
.superintendent,  aiming  at  the  utmost  economy 
of  maintenance  in  his  department,  has  been 
continually  adding  to  the  quantity  and  weight 
of  material  used  in  the  construction  of  the 
carrying  stock,  to  remedy  the  failures  of  weak 
parts  ;  and  thus  the  stock — waggons  particularly 
— has  been  increased  in  strength,  rather  by  adding 
to  the  mass  of  matter  than  by  studying  to  throw 
the  same  weight  of  timber  and  iron  into  su)>erior 
combination.  Doubtless,  the  stock  was  made 
more  lasting  and  serviceable,  but  meantime  the 
heavy  trains,  handed  over  to  the  locomotive 
department,  induced  similarly  the  construction 
of  heavier  and  more  powerful  locomotives,  when 
the  maximum  was  quickly  reached,  and  strongly 
evinced  by  the  sufferings  of  the  permanent  way. 

It  was,  of  course,  unavoidable,  from  the  need 
of  enlarged  dimensions  and  capacity,  and  in- 
creased strength,  both  in  carriages  and  waggons, 
that  the  dead  weight  should  Ikj  to  some  extent 
increased.  The  early  first-class  carriages  weighed 
3^  tons,  the  bodies  or  upj>er  parts  being  15  feet 
long,  6£  feet  wide,  and  4  feet  9  inches  high, 
in  three  compartments,  to  hold  six  ]>assengers 
each,  or  eighteen  in  all.  The  compartments 
were  finished,  internally  and  externally,  precisely 
like  the  bodies  of  stage-coaches,  and  were  made 
to  appear  like  three  bodies  placed  side  by  side 
ujon  one  underframe.    To  this  day  the  same 


appearance  is  maintained  by  means  of  the 
quarter-mouldings  ;  and  it  is  a  question  for  the 
historian,  whether  the  desire  of  tho  early  rail- 
way-carriage builders  to  provide  repeated  like- 
nesses of  the  old  coach  has  not  powerfully  in- 
fluenced the  course  of  subsequent  practice,  and 
that  it  has  not  in  somo  degree  created  the  pre- 
valent taste  for  exclusiveuess  and  separation 
amongst  railway  travellers.  Railway  carriages 
have  been  gradually  increased  in  weight  to  from 
■r> !  and  G  |  tons  ;  and  in  the  size  of  the  body  to 
18  or  20  feet  long,  7£  feet  wide,  and  6  feet  3 
inches  high.  The  great  increase  in  size  and 
weight  of  carriages  has  arisen  very  much  in 
compliance  with  the  demands  of  the  public  for 
greater  convenience,  speed,  and  safety.  It  was 
found  that  the  old  carriages  suffered  the  most  in 
cases  of  collision,  and  it  became  essential,  with 
the  increase  of  speed  and  length  of  trains,  to 
add  very  much  to  the  size,  strength,  and  weight 
of  railway  carriages. 

The  original  form  of  goods  waggons  generally 
employed  for  some  years  after  the  opening  of  tho 
LiverjK>ol  and  Manchester  Railway  in  1829, 
was  simply  a  platform  about  10  feet  long,  on 
four  wheels,  with  sides  varying  from  4  to  10 
inchcB  in  height,  weighing  2|  to  3^  tons,  and 
cariying  2  tons  of  goods.  Many  of  these  wag- 
gons are  still  employed  for  the  transport  of 
weighty  rough  goods.  The  general  unfitness  of 
this  style  of  waggon  led  to  tho  adoption  of  j>ort- 
able  sides  and  ends,  which  consisted  of  open 
crib-rails  dropped  into  staples ;  and  to  these 
were  added  the  costly  tarpauling  or  sheet,  to 
cover  the  goods  and  bind  them  down,  mak- 
ing a  waggon  13  or  14  feet  long,  weighing  3£ 
tons,  fitted  to  carry  4  or  5  tons  of  ordinary 


Fig.  B, 


OrEK  •Waooox,  t'jr  lite  Glouct »tor  Witjgon  Company  ;  haviug  a  shcel-iron  bexly  and  irou  umlriTnuns. 


goods?.  But  loose  or  moveable  parts  of  waggons 
areobjectionable ;  the useof  tiirpaulings  amounted 
to  an  annual  charge  of  £12,O0O  ou  one  railway. 
Built  covered  waggons  have  to  a  considerable 


extent  superseded  the  crib-rail  and  tarpauling, 
having  sliding  doors  and  a  moveable  roof;  so 
that  the  crane-chain  can  deposit  or  move  a  bale 
of  goods,  however  heavy,  from  any  part  of  the 
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iuterior  of  the  waggon,  aud  the  goods  raay  be 
perfectly  enclosed.  Mr.  H.  H.  Henson  ex- 
hibited a  waggon  of  this  description  in  1851. 
It  may  be  stated,  generally,  that  properly-made 
open  waggons  may  cany  twice  their  own  weight 
of  goods,  and  covered  waggons  ono  and  a  half 
times  their  own  weight.  Examples  of  both 
kinds  of  waggons  were  exhibited  in  1862. 
Messrs.  Harrison  and  Camm  exhibited  a  coal- 
waggon  13  feet  long  and  7  feet  4  inches  wide 
outside,  of  massive  proportions,  with  dead  buf- 
fers and  dead  draw-hooks,  on  the  usual  Midland 
type,  weighing  4  tons  6  cwt,  and  made  to  carry 
7  tons.  The  great  weight  of  waggons,  it  may  be 
remarked,  has  arisen  very  much  from  the  absence 
of  spring- buffers  at  the  ends,  and  the  imperative 
need  of  streugth  and  stiffness  to  resist  the  in- 
evitable hard  concussions  to  which  they  are 
subject  in  daily  use.  To  reduce  the  violence  of 
such  concussions,  and  also  not  to  add  very  much 
to  the  cost  of  the  waggon,  buffing-springs  were 
applied  at  ono  end  of  each  waggon,  leaving  the 
other  end  dead.  The  benefits  of  even  this 
partial  arrangement  became  evident ;  and  several 
forms  of  external  buffets — compact,  efficient* 
cheap,  and  easily  applied — have  been  matured. 
Spriug-buffers  are  now  generally  applied  to  both 
ends  of  waggons. 

The  Gloucester  "Waggon  Company  exhibited 
an  open  waggon,  built  altogether  of  iron,  14 
feet  long,  7  feet  wide,  and  2  feet  4  inches  deep. 
This  waggon  is  solidly  constructed  of  sheet  iron  ; 
it  has  spring  buffers  at  both  ends  ;  and  it  weighs 
4  tons,  and  carries  8  tons, — twice  its  own  weight. 
Waggon  underframes  made  of  iron  have  been 
in  xise  on  the  Great  Western  Railway  for  many 
years,  with  great  advantage  in  economy  of  main- 
tenance. They  have  been  tried  on  narrow  gauge 
lines  also,  but  generally,  if  not  always,  with  dead 
buffers ;  and  the  severity  of  the  concussions 
attending  the  use  of  solid  ends  may  perhaps 
account  for  the  partial  abandonment,  on  narrow 
gauge  lines,  of  this  kind  of  framing  (fig.  21). 

Mr.  John  Ashbury,  of  Manchester,  exhibited 
a  covered  goods-waggon,  1 G  feet  long  by  8  feet 
wide,  with  double  sliding  doors  on  each  side,  and 
3£  feet  solid  wrought  iron  wheels.  The  framing 
was  of  teak, — an  exceedingly  hard  and  solid 
wood, — and  the  floor,  lining,  and  roof,  of  deal 
boards.  This  waggon  was  built  from  the  raw 
materials,  of  timber  and  pig  iron,  in  1 1  hours 
and  20  minutes,  and  of  unexceptionable  work- 
manship,—  a  performance,  in  point  of  time, 
hitherto  unmatched  as  a  tour  Jejorce.  A  few 
particulars  of  the  performance  may  be  interest- 
ing : — the  whole  of  the  timber  for  the  waggon, 
consisting  of  30.3  pieces,  was  cut  out  of  the  logs 
and  the  deals  in  2  hours  and  9  minutes.  The 
planing,  mortising,  tenoning,  <kc,  was  done  by 
machinery  in  2  hours  40  minutes.  The  waggon 
was  put  together,  including  the  fixing  of  all  the 
iron  work,  painted,  and  varnished,  by  the  uuited 
labour  of  38  carpenters,  in  257£  hours  collectively. 

In  the  forge,  the  whole  of  the  iron  was  made 


from  pig  iron  :  79  bare  were  required,  of  thirty 
different  sizes ;  and  in  addition,  the  wheel-iron 
bars  and  forging  for  spokes  were  made — weighing 
in  all,  3£  tons  nett ;  with  the  labour  of  1 1 1  men 
and  boys  working  collectively  3G8  hours  35 
minutes. 

In  the  smithy,  342  bolts  and  nuts  were  forged 
and  screwed  by  38  men  and  boys,  working 
collectively  41 J  hours.  The  wrought-iron  work 
for  the  body  of  the  waggon,  exclusive  of  wheels 
and  axles,  and  bolts  and  nuts,  numbered  171 
pieces,  and  was  completed  by  78  men  working 
118  hours. 

In  theturning-shop,  the  turning,  boring,  fitting, 
and  finishing  of  the  two  pairs  of  wheels  and  axles, 
was  doue  by  G3  men  and  boys  working  31  hours 
34  minute*.  The  buffer  bars  with  solid  forged 
heads,  with  all  the  small  work,  were  turned  and 
fitted  by  4  boys  in  2£  collective  hours.  In  the 
foundry,  32  castings  were  completed  by  G  men 
and  3  boys  working  10^  hours.  In  the  fitting- 
shop,  the  axle-boxes,  <kc.,  were  completed,  and 
522  holes  drilled,  and  with  the  remaining  work, 
occupied  71  men  and  boys  177^  hours.  The 
wjiggon  complete  weighed  4^  tons,  and  would 
carry  7  to  8  tons  of  goods.  Economists  may 
find  in  this  resume  materials  for  a  comparison 
between  the  cost  of  highly-organized  forced 
labour,  and  that  of  regular  labour. 

Mr.  Ashbury  exhibited  a  well-built  saloon- 
carriage  with  tables,  finished  in  good  taste.  The 

,  body  of  the  carriage  is  27  feet  long,  and  8  feet 
4|  inches  wide,  built  of  teak  ;  the  [mnels  showing 
a  beautiful  natural  grain  of  wood  picked  out  with 
gilt  lines.    The  under-frame  is  also  of  teak,  with 

I  buffer-rods  and  laminated  buffer-springs.  The 
carriage  is  divided  internally  into  four  compart- 
ments, communicating  by  sliding  doors — namely, 
ladies'  or  invalid's  compartment,  principal  saloon, 
water-closet  aud  lavatory,  and  smoking  saloon. 
A  water  cistern  is  provided  on  the  top  The 
ladies'  compartment  is  fitted  with  a  handsome 
sofa,  made  to  draw  out*  so  as  to  make  a  bed ; 
it  has  a  water-closet  in  ono  corner,  with  a  lid 
and  silk  cushion  to  form  a  seat,  with  a  seat  in 
the  opposite  corner  ;  there  arc  two  mirrors,  one 
on  each  side  of  the  doorway.  The  princi{)al  saloon 
is  13  feet  long,  and  7  feet  9  iuches  wide  inside, 
with  four  handsome  sofas  aud  two  tables,  and 
four  mirrors.  The  smoking  saloon  is  fitted  with 
comfortable  lounges.  The  floor  is  richly  carpeted. 
As  a  carriage  for  long  journeys,  this  one  leaves 
nothing  to  be  desired.  Its  weight  amounted  to 
nearly  9  tons,  its  value  to  .£1,000;  it  had 
accommodation  for  24  passengers. 

Messrs.  J.  Wright  k  Sons  exhibited  a  first- 
class  carriage,  constructed  for  the  Egyptian 
Railway.  The  body  is  19  feet  long,  8  feet  wide, 
and  G  feet  3  inches  high  at  the  side.  The  frame- 
work is  entirely  of  teak,  and  the  pinels  of  papier 
macb6  :  these  materials  have  been  found  well 
suited  for  hot  climates.  The  body  is  divided  in 
the  usual  manner  into  three  compartments.  The 
interiors  are  trimmed  with  drab  morocco  and  silk 
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lace.  The  seats  and  hacks  are  stuffed  on  springs 
with  horse-hair.  To  increase  the  facilities  for  ven- 
tilation, the  windows  in  the  quarters,  as  well  as 
those  in  the  doors,  are  made  to  fall  with  balance- 
weights.  In  addition,  there  are  Venetian  blinds, 
and  moveable  ventilators  above  the  windows, 
protected  from  dust  by  copper- wire  gauze  on  the 
outside  ;  also  two  ventilators  in  the  roof  of  each 
compartment,  which  may  be  adjusted  to  direct  a 
current  of  air  into  the  carriage  going  either 
way.  There  is  a  duplicate  roof  10  inches  above 
the  lower  one,  to  throw  off  the  direct  rays  of 
the  sun. 

The  under  frame  is  constructed  entirely  of 
angle  and  T  iron,  riveted  together.  The  wheels 
are  in  two  pairs  of  solid  wrought  iron,  3  feet 
G  inches  diameter,  with  Beattie's  fastenings  to 
secure  the  tires.  Beattie's  axle-boxes  also  are 
used,  adapted  for  using  either  oil  or  grease.  The 
weight  of  the  carriage  is  7f  tons. 

France. — La  Compagnie  Generale,  Paris, 
exhibited  a  composite  carriage  with  a  combined 
wood  and  iron  frame,  suitable  for  short  branch 
traffic  It  contains  accommodation  for  8  first, 
12  second,  and  18  third  class  passengers,  with 
a  guard's  compartment  It  weighs  7  tous  7$  cwt. 
It  is  constructed  with  a  double  roof,  with  special 
provision  for  ventilation. 

Belgium. — La  Compagnie  C6ne*rale,  Brussels, 
exhibited  a  carriage  on  six  wheels,  30  feet  long, 
feet  wide,  in  three  compartments  the  middle 
one  being  open  at  the  sides,  and  railed  as  a  lobby 
and  promenade,  from  which  the  end  compart- 
ments are  entered  by  sliding  doors.  The  under- 
frame  has  oak  side-soles,  strengthened  with  an 
iron  plate,  \  inch  thick  on  the  outside.  The 
carriage  weighs  about  9  tons  17  ewt,  its  price  is 
XoOO,  and  it  is  intended  to  carry  24  persons. 
This  class  of  carriage  is  said  to  bo  well  adapted 
for  the  picturesque  country  in  which  it  is  used, 
on  the  Namur  and  Liege  Railway,  where  it  has 
been  in  operation  for  twelve  years. 

Prussia. — The  Berlin  Joint-Stock  Company 
exhibit  two  carriages  with  iron  undcr-frames,  of 
which  the  sides  are  formed  of  double-headed 
girders,  10  inches  deep,  and  4  inches  across  the 
heads,  affording  good  fixing  ground  for  the  body, 
and  the  scroll-irons  to  carry  the  springs.  The 
centre  springs  are  hung  on  swinging  shackles, 
which  leaves  the  ccntro  wheels  free  to  move 
laterally  on  the  curves.  The  l»dy  of  one 
carriage  is  about  30  feet  long,  divided  into  three 
compartments : — a  coupe  at  one  end,  and  two 
saloons  first  and  second  class,  with  lavatories. 
The  body  of  the  other  carriage  is  a  third  class, 
*ith  guard's  seat  on  the  top  at  one  cud,  inclosed 
with  glass.  There  are  two  compartments,  with 
fix  doors  on  each  side. 

The  saloon  arrangement  of  carriage  has  been 
better  represented  at  the  Exhibition  than  the 


compartment  system  ;  and  it  is  likely  that 
Railway  Companies  will  generally  introduce 
first-class  carriages  with  more  of  the  character 
of  the  saloon  than  the  universal  partitioned 
carriages,  originally  introduced  to  represent  a 
group  of  three  ordinary  stage-coaches.  There 
can  be  no  question  of  tho  sujjerior  convenience 
of  the  saloon  over  tho  compartment,  for  long 
journeys  ;  in  the  latter,  if  formed  with  elbow- 
rests  a  passenger  can  neither  stand  up  nor  lie 
down,  except  by  improvising  a  couch,  to  the 
destruction  of  the  cushions.  Greater  width 
across  the  carriage  is  desirable  for  the  saloon 
than  is  usually  given  to  the  compartment  but 
carriages  have  been  made  nine  feet  wide,  and  are 
runniug  on  the  Great  Eastern  and  other  lines 
without  any  difficulty  iu  want  of  balance. 


CHAPTER  VII. 

DETAILS  OF  RAILWAY  CARRIAGES  AND  WAGGONS. 

Hailway  W/ieeU. — Considerable  progress  has 
been  made  in  perfecting  the  construction  of 
railway  wheels  within  the  last  few  years.  Iu 
the  first  place,  the  good  old  Yorkshire  and 
Staffordshire  tires  arc  being  gradually  super- 
seded by  the  superior  tires  of  steel,  first  success- 
fully introduced  by  Krupp  of  Essen,  and  now 
manufactured  by  several  English  makers.  Again, 
the  body  of  the  wheel  is  now  forged  in  one 
piece  in  one  operation,  instead  of,  as  heretofore, 
in  several  operations — thus  removing  antago- 
nistic strains  in  the  forging,  and  increasing  their 
strength  and  trustworthiness.  Further,  tho 
fixiug  of  the  tire  on  the  wheels  has  been  vastly 
improved;  bolts,  ami  nuts  and  rivets,  passiug 
through  the  tire,  are  superseded  by  lateral 
fastenings  which  do  not  weaken  tho  tire,  and 
materially  add  to  the  strength  and  security  of 
the  attachment  The  best  mode  of  fastening 
laterally  is  a  point  not  yet  decided  by  expe- 
rience. 

Mr.  Owen,  of  Rothcrham,  exhibited  wrought- 
iron wheels,  axles,  and  tires.  He  has  recently 
introduced  M.  Arbel's  method,  already  de- 
scribed in  connection  with  Cail's  locomotive,  of 
constructing  wheels  in  one  forging  between  two 
large  dies  sufficient  to  embrace  the  whole  area 
of  the  wheel.  He  also  exhibited  solid  weldless 
tires,  made  from  a  solid  mass  into  a  circular 
form.  After  being  hammered  and  welded  at  one 
blow,  they  arc  rolled  into  a  complete  ring. 

Messrs.  Dixon  and  Clayton,  of  Bradford,  ex- 
hibited their  system  of  wheel,  formed  with 
spokes  specially  rolled,  to  give  a  broad  bearing  at 
the  rim  for  the  tire,  as  in  tho  annexed  figures, 
for  the  sake  of  greater  stability  and  security 
than  when  rolled  of  the  narrower  width  through- 
out ;  and,  in  conjunction  with  the  fastening  of 
the  tire,  to  increase  the  durability  of  the  latter, 
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inasmuch  us  it  may  be  worn  thinner  before  re- 
quiring to  be  replaced.  The  tire  is  fastened 
without  bolts,  by  means  of  a  V  bearing  on  the 
inner  edge,  and  cramps  applied  laterally  at  the 
outer  edge,  to  embrace  both  the  tire  and  the 
rim  edgewise,  the  crumjo  acting  as  fasteners  in 
themselves,  and  retaining  the  tire  should  it 
break.  The  cramps  are  usually  applied  in  seg- 
ments 4  inches  long,  and  slightly  dovetailed  ; 


and  being  inserted  in  grooves  of  square  section 
tumed  out  of  the  edges  of  the  tire  and  the 
wheel,  the  edges  of  the  grooves  are  hammered 
over  the  dove-tail,  and  so  fixed.  The  cramps 
may  be  slid  laterally,  and  withdrawn,  and  the 
tire  released  when  required..  This  system  of 
fastening  has  been  adopted  on  the  North- 
Eastem,  the  Lancashire  and  Yorkshire,  and 
other  liues,  with  beneficial  results  (fig.  22). 


SroKRS  »n.l  CuMPHsTlMiir,!  for  Uaii.wat  Whhu,  by  Ururs.  Dixon  t  CUrton, 
Spokf-W  for  a  carrier-wheel,  with  »  ca»t  nave.  Vig*.  4,  5,  aud  0,  Spokc-ban  for  a'  folid 
craii>j>-r»»t*niog  for  tire*.   Fig.  8  ahowa  the  cramp  .fattening*,  at  intervals,  or  continuoui. 


Mr.  James  Murphy,  of  Newport,  exhibits  u 
dovetail  fastening  for  wheel-tires,  the  dovetail 
being  formed  on  the  inside  of  the  tire,  aud  let 
into  the  rim  of  the  wheel.  How  the  dovetail 
is  to  be  got  into  the  rebate  does  not  clearly 
appear. 

Messrs.  G.  nnd  J.  Brown,  Rotherham,  exhibit 
their  "  solid  iron  and  steel-faced  tires,"  which 
have  been  satisfactorily  at  work  on  some  of  the 
principal  railways.  The  process  of  manufacture 
Of  the  tires  is  described  as  follows: — The  faggot 
for  the  bloom  is  composed  of  one  bottom  and 
one  top  coil  of  1-inch  square  iron,  with  a  scries 
of  layers  of  iron  rolled  from  bloom  into  bar, 
5  inches  broad  by  £  inch  thick,  and  then  cut 
into  sectional  pieces,  so  as  when  placed  side  by 
side  to  form  a  circle  of  from  18  inches  to  21 
inches  diameter.  These  sectional  pieces  aro 
laid  one  upon  tho  other,  taking  care  that  they 
break  joint ;  and  the  piliug  is  continued  until 
the  faggot  attains  tho  height  of  from  12  to  18 
inches,  according  to  the  sizo  of  tiro  required. 
Tho  faggot  is  then  placed  in  an  air-furnace,  and 
heated  until  it  has  reached  the  welding  point, 
when  it  is  brought  out  and  placed  in  a  boss  of 
suitable  size,  under  a  7 -ton  steam  -  hammer 
having  a  G-fect  stroke,  where  it  is  reduced  by 
continuous  blows  to  the  required  thickness. 
The  faggot  is  again  placed  in  the  furnace  reverse 
side  uppermost,  and  heated  as  before,  when  it  Is 
again  put  into  the  boss,  with  a  wrought-iron  pin 
1 1  inches  diameter  placed  in  the  centre  to  keep 
the  hole  in  the  faggot  true.  At  this  point  tho 
flange  is  formed,  and  tho  tire-bloom  is  finished 


hammering.  Uy  this  process  of  manufacturing 
tires,  being  solid,  there  cannot  be  a  break  at  a 
weld,  because  there  is  no  transverse  scarf,  and 
there  is  also  the  certainty  of  one  uniform  quality, 
qiute  equal  to  that  of  a  homogeneous  body. 
As  the  pile  or  faggot  is  laid  up,  tho  edges  of 
the  bar  iron  become  the  wearing  surface  of  the 
tire,  which  not  only  increases  its  tensile  strength, 
but  makes  it  in  consequence  capable  of  with- 
standing a  much  greater  amount  of  wear  and 
tear. 

The  tire-bloom  is  then  rolled  to  any  diameter 
required,  and  is  finished  true  internally  and  ex- 
ternally, and  of  equal  thickness. 

The  faggots  for  the  steel-faced  tires  arc  piled 
precisely  in  the  same  manner  as  for  the  iron  tires, 
the  only  difference  being  thut  rolled  bar-steel  of 
tho  best  Swedish  quality  is  built  up  on  the  out- 
side of  the  faggot,  tho  inside  being  of  iron,  which 
undergoes  the  same  process  of  welding  aud 
hammering  as  the  iron  faggots,  until  the  bloom 
becomes  jierfcctly  sound. 

Messrs.  T.  Spencer  <fc  Sons,  Ncwcastle-on-Tyne, 
exhibited  cast-steel  tires  in  three  stages  of 
manufacture.  1st,  the  cast  annular  ingot, 
30  inches  diameter,  G  inches  thick,  with  an 
11 -inch  central  opening;  2nd,  the  ingot  reduced 
under  tho  hammer  to  4  A  inches  thick;  3rd, 
the  ingot  rolled  to  4  feet  diameter,  aud  2  inches 
thick  radially. 

Mr.  P.  Wright,  Dudley,  exhibited  a  double- 
disc  wheel ;  the  discs  are  riveted  to  a  flange  on 
the  inside  of  the  tire  placed  between  them. 

Mr.  W.  B.  Adams  exhibited  a  method  of 
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so  applying  the  tire  that  the  wheel  rests  on  a 
continuous  hoop-spring  in  a  hollow  in  the  tire. 
The  tire  is  thus  applied  with  a  very  light 
and  prevented  from  coming  off  by  a 
hoop  sprung  into  a  groove  at  the  back  of  the 
eeL  The  object  of  this  application  is  to 
prevent  the  liability  to  burst  or  break,  to  which 
tires  are  usually  subject,  in  consequence  of  the 
shrinkage  and  strain  with  which  they  are  applied 
to  wheels  to  insure  tightness.  The  result  of  the 
performance  is  quite  satisfactory.  The  wheels 
appear  to  be  well  suited  for  use  on  lines  with 
quick  curves.  On  one  such  line,  the  spring 
tires  were  applied  under  a  locomotive-engiue  and 
ran  25,000  miles  before  being  taken  out  to  Iks 
turned  up,  when  the  flanges  were  found  to  be 
little  worn.  New  tires  applied  in  the  ordinary 
manner,  under  the  same  engine,  required  to  be 
turned  up  on  account  of  the  great  wear  of  the 


flanges,  after  having  run  8,000  to  10,000  miles. 
It  appears  that,  in  practice,  a  slight  sliding 
movement  of  the  tire  takes  place  upon  the  wheel, 
in  going  along  curves,  instead  of  the  unavoidable 
sliding  of  fixed  tires,  and  probably  the  greater 
duration  of  the  flanges  is  to  be  ascribed  to  this 
cause,  as  well  as  to  the  vertical  play  of  the  tire, 
which  permits  it  to  follow  the  irregularities  of 
the  line  of  rail  across  the  breadth,  thus  prevent- 
ing blows.  A  set  of  these  tires,  of  Staffordshire 
iron,  applied  to  a  heavy  carriage,  ran  upwards 
of  106,000  miles  without  any  alteration  of 
form,  and  with  very  slight  wear,  and  a  pair  of 
them  were  exhibited.  The  following  table  of 
the  i»erforniance  of  four  different  qualities  of 
tires  shows  results  very  recently  obtained  upon 
the  St.  Helen's  Railway,— a  line  of  remarkablo 
difficulty  as  to  curves,  gradients,  points,  and 
crossings : — 

COMPARATIVE  WEAR  OF  FOUR  CLASSES   OF  ENGINE-WHEEL  TIRES 

ON   THE   ST.   HELENS  RAILWAY. 


Engine. 

Number 

of 
Wheel*. 

Number 

of 
rmipled 
Wheel. 

Diameter 

of  eoupled 
Wheels. 

Weight 
Engine. 

CtsssofTire. 

REMARKS. 

So. 

Whe«U. 

Wheels. 

Feet  lot. 

Tons  cwt. 

Miles. 

1 

Krupp's  Steel 

23 

c 

\ 

4 

G 

19  15 

40,843 

Slips,  even  in 
dry  weather. 

Needing  to  bo  turned  up. 

•1 

a 

4 

■1 

G 

20  G 

80,708 

ditto 

BestYorkahirclron 

Ditto. 

n 

G 

4 

t 

G 

23  It 

84,006 

ditto 

Swedish  Iron 

f  Ditto. 

\  1 1  as  been  t  u  rned  up 0009. 

18 

G 

6 

4 

0 

21  0 

65,138 

Scarcely  ever 
slips. 

Staffordshire  iron,  Not  needing  turning  up. 
with  spring  tiro. 

i 

Note. — The  traffic  of  this  Railway  is  worked  by  these  engines  over  30  miles  of  line.  Tho  line  is  very  heavy  in 
gradients,  curves,  and  points  and  crossings.  Tho  steepest  gradient  is  1  in  35 ;  the  two  main  gradients 
are  1  in  85  and  1  in  70.  Tho  quickest  curve  has  a  300-fect  radius;  the  ordinary  curves  have  500  feet 
radius.    There  are  12  miles  of  sidings  within  a  distance  of  two  miles  from  the  principal  station. 


The  best  Yorkshire  nearly  duplicated  the  l>est 
Swedish  in  wear  ;  Krupp's  steel  duplicates  the 
Itest  Yorkshire  iron  ;  and  Staffordshire  iron,  on 
Mr.  Atkins's  steel  springs,  may  probably  dupli- 
cate Krupp's  steel. 

This  is  an  invention  which,  like  the  water- 
injector  of  Giffard,  when  first  promulgated,  was 
generally  received  with  incredulity.  It  promises 
results  of  great  importance  ;  and,  possibly,  the 
benefit  of  the  spring-bearing  applied  to  tho 
rails,  as  contemplated  by  Mr.  Adams,  may  prove 
equally  decided. 

In  Mr.  Joseph  Beattie's  system  of  listening 
tires  on  wheels,  applied  to  the  railway  carriage 
exhibited  by  Messrs.  Wright,  tho  tire  is  lapj>ed 
angularly  against  the  inner  edge  of  the  wheel, 
and  is  secured  at  the  outer  side  by  segmental 
pieces  at  intervals,  lapped  under  the  iron  and 
let  with  a  dovetail  into  a  groove  in  the  inside  of 
the  tire,  the  sides  of  which  are  afterwards  ham- 
over  the  dovetail.  An  approved  varia- 
s  shown  in   fig.  23.    In  Mr.  Burke's 


plan,  the  tire  is  rolled 
round   the  flange-fuce, 

Fio.  23. 


with  a  thin  ledge  all 
which  is  afterwards 
hammered  over 
it|K>n  the  edge  of 
the  rim. 


Messrs.  Nay  lor, 
„  Vickers,  &  Co., 
Sheffield,  exhi- 
bited, in  tho  Shef- 
field Court,  vari- 
ous cast  -  steel 
disc  -  wheels.  A 
pair  of  7  -  feet 
driving  -  wheels 
have  solid  tires, 
and  are  cast  with 
radial  corruga- 
tions, the  more 
widelytoembrace 
and  supjwrt  the  nave  than  would  be  done  with 
a  flat  disc 


TiitE.rASTr.stso,  by  Mr.  J.  Tieittio: 
A,  tire ;  C,  ledge  ;'  M,  lecl^e  rolled  <in 
tire  ;  Jf,  ledf-e  hsmmered  orer  the 
edco  ofthe  wheel,  to  .ecurc  the  lire. 
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Messrs.  Gargan  <fc  Co.,  Paris,  exhibited  forgings 
made  of  common  iron,  by  means  of  hydraulic 
pressure.  Messrs.  Arbcl  <fc  Co.,  Rive-de-Gier 
(Loire),  exhibit  some  excellent  solid  forged 
■wheels  for  locomotives  and  carriages.  So  also  do 
the  "Societ6  Anonyme,"  Seraing  (Liege). 

Disc  wheels  are  exhibited  from  Austria,  Prussia, 
and  Canada.  Mr.  A.  Ganz,  of  tiuda,  exhibited 
two  double-disc  chilled  cast  -iron  wheels,  3  feet 
1  inch  diameter ;  one  new ;  the  other,  after 
having  run  G9,000  English  miles  and  scarcely 
worn, — about  -fa  inch, — just  polished.  The  chill- 
ing action  penetrated  ^  inch  into  the  metal.  The 
Bochura  Company  exhibited  cast-steel  wheels 
and  tires,  and  showed  a  j>eculiar  mode  of 
fiistening  the  tire.  The  tire  is  rolled  with  a  T 
rib  on  the  inside,  embraced  by  a  corresponding 
recess  turned  on  the  rim  of  the  disc,  with  a 
closing  ring  applied  laterally  and  fixed  by  screws. 
The  body  of  the  wheel  is  a  single  disc  with 
circular  corrugations  to  facilitate  elastic  action 
and  increase  the  duration  of  the  tire.  Mr.  Krupp, 
of  Essen,  and  several  others,  exhibited  cast- 
steel  wheels  aud  tires.  Mr.  Krupp  exhibited 
samples  of  tires  made  for  nearly  all  the  principal 
English  railways.  A  chilled  cast-iron  wheel 
from  Canada  was  reported  to  have  run  on  the 
Grand  Trunk  Railway  150,000  miles.  It  was 
double-disced,  of  J  inch  metal,  32  inches  diameter, 
with  about  -fe  inch  wear  on  the  tread,  and  the 
ilange  little  worn.  Messrs.  Larue  <t  Co.,  Three 
Rivers,  also  exhibited  hollow  cast-iron  wheels. 

There  can  be  no  doubt  of  the  decided  progress 
that  has  been  made  in  the  construction  and 
manufacture  of  railway  wheels  during  the  last 
ten  years.  The  solid  wrought  iron  wheels,  forged 
at  one  operation ;  the  solid  iron  and  steel  tires 
without  welds  ;  and  the  safety  tire-fastenings, 
by  the  use  of  which  bolts  and  nuts  are  dispensed 
with,  and  the  tire,  if  it  breaks,  is  prevented 
Hying  off  the  wheel ; — these  appear  to  be  the 
chief  elements  of  progress  on  which  railway 
engineers  and  the  railway  public  may  congratu- 
late each  other.  The  performance  and  durability 
of  the  hollow  cast-iron  wheels  with  chilled  tires, 
from  the  Continent  and  from  Canada,  are  some- 
thing marvellous ;  and  probably  something  re- 
mains to  bo  done  in  England  with  this  sort  of 
wheel.  The  wrought-iron  or  steel  disc-wheel  is 
not  likely  to  displace  the  spoke-wheel  ;  the 
latter  is  sufficiently  strong;  it  is  lighter  than, 
and  is  not  so  rigid  as,  the  former.  The  result 
is,  that  tires  wear  longer  ou  the  spoke-wheel. 
The  only  advantage  that  has  been  urged  in 
favour  of  the  disc, — that  it  docs  not  fan  the 
dust  on  the  road, — is  not  material,  as  the  gene- 
ral agitation  of  the  air  caused  by  the  passage  of 
a  high-speed  train  has  the  most  to  do  with  the 
raising  of  the  dust.  Probably,  the  hollow  cast- 
iron  disc-wheel  embodies  the  best  design  of  a 
sjiokeless  wheel. 

Springs. — Mr.  A.  Allan,  Perth,  exhibited  a 
new  laminated  spring,  intended  for  a  varying 


load.    The  largest  plate  is  below,  and  curves 
upwards  at  the  ends,  the  spring  resting  on  the 
|  axle-box  by  the  middle  or  butt.    As  the  spring 
deflects  under  a  load,  the  second  and  the  shorter 
,  plates  successively  take  a  bearing  against  stops 
,  on  the  frame,  and  thus  become  elastic  props. 

The  object  in  this  design  is  to  make  a  lighter 
:  and  easier  spring  for  varying  loads  ;  but  it  is 
doubtful  whether  the  slight  saving  in  this  respect 
Is  not  more  than  counterbalanced  by  the  stiff- 
ness of  the  plates  and  the  want  of  action  and 
mutual  sup|K>rt  amongst  them. 

Mr.  W.  B.  Adams's  "  abutment  springs"  are 
oj>en  to  the  same  objection.  Thev  are  ingenious, 
as  all  Mr.  Adams's  inventions  are.  They  do  not 
j  require  scrolls,  shackles,  or  slides.    The  springs 
i  are  in  two  halves,  comj>osed  of  two  or  more 
curved  plates.  The  up|>er  ends  abut  in  a  tension 
I  l»ar  or  in  a  shoe  on  the  frame,  and  the  lower 
,  ends  in  or  below  the  axle-box,  in  loops  of  a 
j  saddle  [tossing  round  it    As  the  load  descends, 
the  springs  l>ear  against  the  tension-ltar,  and 
thus  shortens  its  elastic  length  and  carries  a 
greater  load.    They  are  saiil  to  be  elastic  and 
lively  in  action,  but  it  is  obvious  that,  the 
heavier  the  load,  the  stiffer  and  less  elastic  they 
become, — an  objection  which  does  not  apply  to 
the  ordinary  spring. 

Messrs.  C.  Cammell  <k  Co.,  Sheffield,  exhibited 
a  laminated  spring,  in  which  the  ordinary  slots 
and  studs  are  dispensed  with,  and  the  plates  are 
kept  parallel  by  means  of  ribs  rolled  on  the 
edges  of  every  alternate  plate,  and  lapping  over 
the  intermediate  plates.  This  plan  is  of  doubtful 
efficiency.  The  ribs  would  be  liable  to  crack 
under  heavy  and  fluctuating  loads. 

Messrs.  Thomas  Sjiencer  JL*  Sons  exhibited  the 
volute  atid  other  springs,  for  the  manufacture  of 


Voli-ti  Sriur,  Dt  rr»»,  by  Mr.  H.  L.  Corlrtt,  formed  of 
nbbcU  .tecl.  to  work  without  friction. 

which  they  are  well  known  :  in  particular,  and 
in  conjunction  with  Mr.  H.  L.  Corlctt,  Dublin, 
a  waggon-butter,  in  which  the  casing,  plunger, 
and  head,  are  all  of  wrought  iron,  to  combine 
strength  with  lightness.  The  flange  has  not 
the  usual  central  bolt,  but  Is  retained  in  j>osition 
in  the  casing  by  a  fillet  round  the  inner  extre- 
mity. The  spring  is  an  improved  volute,  having 
two  very  small  ribs  rolled  on  one  side,  which 


» 
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reduce  the  sliding  friction  by  keeping  ajiart  the 
coils  of  the  spring  (fig.  24). 

Mr.  A.  Allan  exhibited  a  compound  buffer 
having  two  springs  with  independent  action,  to 


Fio.  25. 


CourovSD  Dimi,  by  Mr.  A.  AlUn,  wilh  two  »prings. 


give  double  the  resisting  power  in  less  than 
double  the  comjuuw  (fig.  25). 

Messrs.  Bradley  Jc  Co.,  Sheffield,  exhibited  a 
buffing  and  drawing  spring,  in  which  two  heli- 
cal springs  are  placed  in  diagonal  shackle-frauies, 
transversely  to  the  line  of  traction,  one  at  each  i 
end  of  the  carnage  frame.  The  direct  pull  is  | 
received  by  the  shackles,  and  the  office  of  the 
spring  is  to  resist  their  collapsing.  By  the  same 
mode  of  action,  with  the  aid  of  a  cross-bar  to 
compass  the  buffer-rod  ends,  the  spring  is  opposed 
to  the  buffing  strain.  This  spring  is  made  with 
only  half  the  weight  of  steel  necessary  for  a 
laminated  spring,  and  it  may  answer  satisfac- 
torily for  gradual  and  steady  strains.  But  it 
will  not  work  so  well  in  resisting  shocks,  whether  ' 
of  traction  or  buffing,  as  the  play  or  "  action"  in 
the  direction  of  traction  is  limited  by  the  mode 
of  application. 

Messrs.  S.  Moulton  <fc  Co.,  Bradford,  Wilts, 
exhibited  their  "embedded  steel  and  india- 
rubber  springs,"  consisting  of  a  hollow  cylin- 
drical mass  of  india-rublwr,  with  a  helical  coil 
of  steel- wire  embedded  in  its  substance.  A  spring 
of  this  sort,  inches  diameter,  0  inches  long, 
with  a  2-inch  hole,  and  having  six  coils  of  \ -inch 
steel  wire,  was  loaded  with  an  increasing  weight, 
with  the  following  amounts  of  compression, — 

Load  in  ComDreamon  Beducrd  Height 

Tom.  in  Iuchra.  in  indies. 

0    0    5 

1    1-25    3-73 

U    1-55    3  J5 

2    1-78    3  22 

2*    2-00    8-00 

3"    210    2-81 

4    2-30    270 

Showing  a  total  compression  of  about  2^  inches 
under  4  tons  of  loml,  of  which  three-fourtlis  took 
place  with  half  the  load.  The  same  size  of  india- 
rubber  spring,  without  the  steel  wire,  was  com- 
pressed 3  inches  by  2  tons  load,  two-thirds  of 
which  took  place  under  half  the  load.  The  same 
objection  appears  in  this  spring  as  in  some 
others,— that  the  "action"  is  very  limited  and 


very  unequal,  reducing  the  spring  to  nearly  a 
rigid  mass  under  the  greatest  load,  which  is  the 
chief  objection  to  the  use  of  india-rubber ;  but 


Fio.  26. 


Eudeduld  Stml  and  IxDitiiniixi  Hrmxc,  hj  Mi 
H.  Moulton  A  Co. 


the  steel  wire  adds  to  the  resisting  i>ower  of 
the  india-rubber  (fig.  2G). 

Couplings. — Mr.  C.  Little,  Bradford,  exhibited 
a  safety  coupling  for  waggons,  the  object  of 
which  is  to  enable  the  men  to  couple  and  un- 
couple waggons  without  having  to  pass  between 
the  buffers,  by  means  of  a  handle  on  each  side 
of  the  waggon.  The  coupling  link  is  connected 
to  the  draw-bar  by  two  straight  links  with  pins, 
and  is  balanced  on  its  connecting  pin  with  coun- 
terweights. Tliw  pin  or  pivot  is  fixed  in  the 
ends  of  the  coupling  link,  and  is  made  with  a 
"tripping-catch"  forged  on  it  in  the  middle, 
which  is  acted  on  by  a  lever  worked  by  the 
handle  at  the  side  of  the  waggon,  whereby  the 
coupling  link  is  enabled  to  pass  up  clear  of  the 
opposite  drawhook  in  lifting,  and  is  then  exten- 
ded forwards  to  reach  over  the  hook  for  coupling 
the  waggons;  whilst,  in  uncoupling,  it  is  first 
disengaged  from  the  hook  and  lifted  up,  and  then 
swings  free  into  a  vertical  |>osition,  so  as  to  drop 
clear  of  the  hook  in  lowering.  The  coupling 
has  been  tried  with  good  results  on  the  Midland 
Railway.  It  appears  to  be  heavier  and  more 
costly  tlian  ordinary  couplings. 

Carnage  Brakes. — "  Widely  different  as  may 
be  the  opinions  of  railway  men,"  says  Major 
Yolland,  in  the  Report  of  the  Jury  on  Class  5, 
"on  the  practicability  of  applying  a  much  larger 
proportion  of  brake-jtower  to  passenger  trains 
than  they  are  now  usually  supplied  with,  there 
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are  few  that  will  dispute  the  assertion  that  if  it 
can  be  practically  done,  a  much  greater  propor- 
tion of  brake-power  should  Ik*  allotted  to  trains 
that  travel  over  ]  m  >i tions  of  their  route  at  rates 
exceeding  fifty  and  sixty,  and  probably  in  some 
instances  approaching  to  seventy  miles  an  hour, 
tlian  to  those  which  do  not  exceed  half  that  rate. 
The  divergence  of  opinion  usuidly  arises  when 
the  means  of  carrying  out  such  a  proposition  are 
discussed.  Locomotive  superintendents  generally 
contend,  and  with  much  reason,  tliat  as  the 
driver  of  a  train  usually  becomes  aware  of  an 
obstruction  on  the  line  on  which  he  Is  travelling, 
in  front  of  his  train,  taforc  any  other  person,  he 
is  the  proj>er  jwrson  to  Ihj  supplied  with  the 
retarding  force  necessary  to  arrest  the  progress 
of  his  train  before  the  obstruction  is  reached ; 
but  generally  they  fail  to  carry  out  their  own 
theory  to  the  extent  which  the  vehicles  exclu- 
sively under  the  control  of  the  driver  would  \ 
readily  admit  of.  Thus,  no  brakes  arc  usually 
applied  to  any  but  tank -engines, — the  brakes  at 
the  control  of  the  driver  are  limited  to  those 
put  by  his  fireman  on  the  tender;— and  exyxs- 
rience  has  proved  that  there  are  numerous 
instances  on  record  where  it  would  have  been 
highly  expedient,  and  have  led  to  the  saving  of 
human  lives,  that  the  guard  of  a  train  should 
have  had  a  large  retarding  force  at  his  command 
at  the  tail  of  the  train." 

Major  Yollaud  has  prolmbly  had  a  greater 
variety  of  experience  of  the  action  of  brakes 
than  most  engineers,  and  is  a  competent  autho- 
rity ;  and  there  can  be  no  question  as  to  the  sound- 
ness and  imjiortancc  of  his  observations.  Steam- 
brakes  luive  been  tried  in  various  modes  on 
locomotive  engines  with  tandem  ;  but  none  of 
them  appear  to  liave  established  themselves.  The 
truth  is,  cnginemen  will  not  use  steam-brakes 
at  ordinary  work,  and  such  brakes  fall  into 
disuse  and  become  a  nuisance.  They,  in  fact, 
improvise  a  steam-brake,  in  cases  of  emergency, 
by  reversing  the  engine  and  turning  on  the  steam 
against  the  pistons,  which  is  certainly  the  most 
efficient  form  of  engine-brake,  and  leaves  practi- 
cally nothing  more  to  lie  desired,  except  tliat 
provision  should  be  made  that  the  pistons  and 
cylinders  should  not  l>c  overstrained  in  the 
process  by  excessive  compression  of  steam. 
Prolmbly  the  best  way  to  apply  steam-jiower  to 
brakes,  would  Is?  to  use  it  entirely  in  place  of  the 
hand-lever  and  screw-brake  on  the  tender,  ex- 
tending its  connections  to  the  train. 

Mr.  Newall,  of  Bury,  and  Mr.  Fay,  of  Man- 
chester, exhibited  models  of  the  brakes  well 
known  by  their  names.  Mr.  Newall  is  under- 
stood to  be  the  first  inventor  of  continuous 
brakes  on  railway  trains  in  this  country.  They 
were  first  extensively  used  on  the  East  Lanca- 
shire Railway  in  1853,— a  line  of  very  steep 
inclines  and  sharp  curves,  and  when  constructed 
they  consisted  of  a  longitudinal  revolving  shaft, 
placed  under  the  framing  of  each  carriage,  those 
under  adjacent  carriages  being  connected  together 


by  short  coupling-rods,  with  slides  and  universal 
joints,  provision  being  made  for  any  difference 
in  the  heights  of  the  carriages,  and  for  a  shorten- 
ing  of  the  train  when  the  buffers  are  driven 
home.  On  one  of  the  longitudinal  shafts  a 
bevelled  wheel  is  fixed,  into  which  another 
works,  which  is  fixed  on  an  upright  shaft.  This 
upright  shaft  passes  into  a  guard's  van,  where 
motion  Is  communicated  to  it  by  wheels  and 
pinions  set  in  motion  by  an  ordinary  wheel  or 
handle.  On  the  spindle  of  this  handle  there  is 
a  ratchet-wheel,  with  a  light  catch  for  retaining 
it  in  a  state  of  rest ;  the  catch  is  weighted  at  the 
opposite  end,  so  that  it  may  readily  fall  or  be 
pulled  out,  and  \hs  kept  out  of  action,  except 
when  put  on  by  hand.  At  the  other  end 
of  the  carriage,  a  small  pinion  is  fixed  on  the 
longitudinal  shaft*  which  works  into  an  upright 
double  rack,  capable  of  being  raised  or  lowered 
as  the  longitudinal  shaft  and  pinions  are  turned 
in  one  direction  or  the  other.  The  bottom  of 
this  double  rack  is  attached  to  the  end  of  a  long 
lever  fixed  on  to  the  transverse  rocking  or 
brake-shaft,  usually  placed  midway  between  the 
leading  and  trailing  wheels  of  a  carriage,  so  that 
the  raising  or  lowering  of  this  rack  by  the  turn- 
ing of  the  longitudinal  shaft  turns  the  rocking 
shaft,  and  forces  the  brake -blocks  against  the 
peripheries  of  the  wheels.  Formerly,  weights 
were  attached  to  the  end  of  the  long  lever,  so 
that  when  the  catch  was  taken  oft',  the  weights 
caused  the  end  of  the  long  lever  to  descend,  and 
then  forced  the  brake-blocks  against  the  peri- 
pheries of  the  wheels  ;  but  strong  spiral  springs 
inclosed  in  a  cylinder  have  been  substituted  for 
the  weights,  and  these  springs  are  in  some  cases 
made  to  act  u|K>n  the  longitudinal  shafts,  or 
directly  u|k»u  the  rocking- shafts,  thus  causing 
the  brake-blocks  to  be  forced  simultaneously 
agauist  the  wheels  when  the  catch  is  liberated. 
These  spiral  springs  constitute  the  self-acting 
jsirt  of  the  brakes.  The  principal  portion  of 
the  work  of  the  guard  of  a  train  fitted  with  a 
set  of  these  continuous  brakes,  consists  in  turning 
the  longitudinal  shafts,  so  as  to  withdraw  the 
brake  -blocks  from  the  wheels.  The  lalsmr  of 
putting  them  on  is  greatly  lessened  by  the 
assistance  of  the  spiral  springs.  This  brake  is 
!  a  step  in  the  right  direction,  but  it  is  not  a  per- 
|  feet  continuous  brake,  as  there  are  no  self- 
j  adjusting  means  by  which  the  pressure  on  all 
the  wheels  of  the  brake-blocks  might  be  equal- 
ized. This  brake  is  now  ordered  to  be  adopted 
throughout  the  Yorkshire  and  Lancashire  rail- 
ways, including  the  East  Lancashire  section, 
formerly  a  separate  railway,  on  which,  as  already 
stated,  it  was  first  brought  into  operation  ;  it  is 
in  use  partially  on  many  other  railways,  and  a 
set  has  now  Is-en  for  some  time  on  (rial  on  the 
London  and  North-Western  Irish  express  mad 
train  between  London  and  Holyhead,  and  is 
favourably  ivj»orted  on. 

Mr.  Fay's  brake,  also  continuous,  being  fitted 
on  to  several  carriages  in  a  train,  may  be  like- 
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wise  worked  by  one  giuu-d  from  a  I  mike- van  1 
placed  at  the  ends  or  in  the  centre  of  a  train. 
It  acta  by  means  of  a  longitudinal  shaft 
attached  to  the  under  side  of  the  frame  of  the 
carriage  or  brake-van,  the  shafts  under  the 
adjacent  carriages  being  connected  together  by 
notched  couj  dings.  The  guard,  by  the  use  of 
ordinary  machinery,  turns  these  longitudinal 
shafts,  on  which  endless  screws  are  fixed,  oj>- 
posite,  ami  working  into  rackwork  attached  to 
the  rocking  or  brake-shafts  under  each  carriage  ; 
and  thus  when  the  longitudinal  shaifts  are  turned, 
the  brake-blocks  are  forced  against  the  periphery 
of  the  wheels  of  the  several  vehicles  so  connected 
together,  usually  not  more  than  three  or  four. 
This  brake  is  simple  in  its  construction  and 
powerful  in  its  Operation  when  in  thorough 
adjustment.  It  has  the  same  defect  as  Mr. 
Ncwall's,  as  there  are  no  self-adjusting  means 
by  which  the  pressure  of  all  the  brake-blocks 
on  the  wheels  can  be  equalized.  It  is  stated  to 
have  long  been  advantageously  used  in  connec- 
tion with  the  working  of  the  juassengcr  traffic  on 
the  Oldham  incline  of  1  in  2G,  on  the  Lancashire 
and  Yorkshire  Railway;  and  011  short  lines, 
where  the  same  carriage  mostly  nin  to  and  fro, 
forming  part  of  the  same  train,  and  which  are 
not  much  interchanged  ;  and  it  has  now  Ix-en 
for  some  time  on  trial  on  the  very  fast  Irish 
express  mail- trains  on  the  London  and  North- 
Western  Railway,  between  London  and  Holy- 
head  ;  and  thus  far  the  reports  of  its  working 
are  favourable. 

Gucrin's  brake,  which  is  well  known,  was 
exhibited  in  the  French  department.  It  is  in 
use  on  several  French  railways, — as  the  Eastern, 
the  Orleans,  and  the  Lyons.  It  has  not  found 
favour  in  England. 

The  Lyons  Railway  Comjuany  exhibited  a 
self-acting  brake  for  very  steep  inclines,  intended 
to  come  into  operation  should  the  train  break 
loose.  A  flanged  pulley  is  lowered  to  the  rails, 
and  is  screwed  up  against  and  wedges  the  flanges 
between  them.  It  is  not  very  obvious  how  this 
is  to  work,  and  if  it  could  work  it  would  be 
highly  dangerous. 

Another  French  brake  was  exhibited,  in 
which  the  lower  frame  of  the  carriage  may  be 
rested  on  the  mils,  forming  a  sledge-brake  with 
it*  whole  weight.  By  means  of  level's  it  can  be 
lowered  and  raised  at  pleasure.  With  suitable 
precautious  the  principle  of  this  brake  may  Ik; 
properly  worked,  but  it  wants  better  meclnuiical 
arrangements. 

M.  A  chard  exhibited  an  elect  ric  brake,  which  ' 
has  been  tried  in  France. 


CHAPTER  VIII. 

PERMANENT  WAY. 

There  was  nothing  remarkably  novel  in  jier-  ' 
nuuient  way.    The  double-headed  rail  continues 


to  be  the  leading  pattern  of  rail,  with  the  ordi- 
nary chairs  ami  the  ordinary  sleepers.  The 
Permanent  Way  Company  exhibited  a  variety 
of  appliance*  for  the  improvement  of  details, — 
chiefly  with  regard  to  the  fish-joint  for  rails, 
— which  merit  a  brief  notice.  They  in  the  first 
place  exhibited  the  mode  of  making  the  joints  of 
rails  before  the  advent  of  Adams  and  Richard- 
sou's  invention  for  susjiended  fish-joints, — show- 
ing the  rails  in  a  bad  state,  out  of  level,  and  the 
chairs  off  the  plumb.  The  advantage*  of  the 
suspended  fish -joint  are  now  unquestioned,  in 
giving  a  tinner  rail,  and  an  unbroken  tread  for 
the  wheel,  ami  admitting  of  higher  speeds,  with 
greater  safety  and  comfort  to  travellers  than 
formerly,  —  resulting  in  considerable  economy 
of  maintenance,  amounting,  it  is  said,  to  50  i>er 
cent,  by  its  use  on  about  1 2,000  miles  of  rail. 

The  late  Mr.  C.  H.  WUd's  improvement  is 
exhibited  ;  the  fish-plates  are  made  with  groove* 
instead  of  plain  siiles,  making  them  lighter  and 
stiller,  and  at  the  same  time  securing  the  head* 
of  the  bolts,  or  the  nuts,  from  turning  round 
when  being  screwed  up,  or  getting  loose  by 
usage,  or  other  contingencies.  In  Mr.  William 
Pole's  improvement  one  of  the  fish-plates  is 
tapped)  and  the  l*)lts  are  screwed  into  it  with- 
out nuts.  This  is  useful  with  flat -based  or 
shallow  rails,  where  wheel -flanges  might  strike 
the  nut*  or  bolt-heads.  In  Messrs.  Barlow  and 
Woodhouse's  system,  the  fish-plates  n-st  at  their 
ends  in  cast-iron  chairs  in  halves,  to  obtain 
additional  strength,  and  obtain  the  advantage* 
of  the  joint, — tins  end-bolts  being  passed  through 
and  uniting  the  half-chairs.  The  same  fixing  is 
applied  to  chairs  with  single  "jaws."  Messrs. 
R.  Richardson  and  J.  E  Bilhqw  show  a  mode 
of  fastening  the  fish-plates,  by  tipping  them  ls)th 
with  right-  and  left-hand  screws,  and  screwing 
the  lwlts  into  them  to  draw  the  plates  together 
without  ljolt-heads  or  nuts,  which  reduce*  tho 
number  of  port*.  The  bolts,  it  is  said,  never  get 
loose.  Mr.  A.  Doull  employs  two  half-chairs  of 
rolled  iron,  lxdtcd  together  through  the  rail, — 
sujH-rsoding  cast-iron  chairs,  wood  keys,  and  fish- 
plates, and  licing  lighter.  In  Mr.  1*.  Ashcroft's 
chair,  the  rail  is  supported  in  the  chair  by  means 
of  two  wooden  cushions,  one  on  each  side,  with 
a  wedge-like  pressure  ;  they  save  the  rail  from 
indentation  on  the  seat  of  the  chair.  Hollow 
iron  sj tikes,  invented  by  the  late  Mr.  May,  and 
by  Mr.  Prince,  were  exhibited,  by  which  means 
a  firmer  hold  is  supj>osed  to  be  obtained  on  the 
sleeper  than  by  solid  iron  spikes  or  wooden 
trenails.  They  are  made  quill-pointed,  to  pene- 
trate the  sleeper  without  boring  a  hole  or  split- 
ting the  timber.  Examples  of  the  application 
of  Dr.  Boucherie's  process  for  preserving  timber 
were  exhibited  —  |>ortions  of  a  railway  sleeper 
and  a  telegraph  |Hile.  This  process  consist*  in 
injecting,  under  pressure,  an  antiseptic  fluid  into 
the  |s>res  of  the  tiinls-r  at  one  end,  forcing  out 
the  sap  at  the  other,  and  thus  completely  occu- 
pying the  substauce  of  tho  wood.  For  thia 
i>  1 
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purpose,  the  worst  kinds  of  timber  are  said  to 
l>e  best  adapted.  A  very  weak  solution  of  sul- 
phate of  copper  best  answers  the  puqtose  us  a 
fluid  for  injection. 

Mr.  F.  Wise,  London,  exhibited  Ramie's 
railway-chair,  in  which  the  double-headed  rail 
is  susjiended  in  the  chair  by  means  of  a  pair  of 
"  tumble-jaws,"  or  self-tightening  three-throw 
brackets, — one  throw  of  which  rests  upon  the 
jaws  of  the  chair  ;  another  throw  laps  under  and 
supports  the  rail,  and  the  third  throw  is  pressed 
against  the  web  of  the  rail,  in  a  self-acting 
manner,  by  the  weight  of  the  rail  acting  through 
the  jtair  of  triangular  level's.  The  heavier  the 
loud  piissing  over  the  chair,  the  more  firmly  do 
the  "  tumble-jaws"  bite  and  secure  the  rail.  This 


without  either  deepen,  chairs,  or  fish-plates, — and 
l>cing  easily  accessible  from  the  surface  of  the 
ballast  for  rejwiirs.  This  is  a  modification  of 
Mr.  W.  B.  Adams's  girder  rail,  which  was  not 
exhibited.  Mr.  Corlett's  rails  were  laid  down 
in  the  Western  Annex,  to  carry  the  locomotive 
engines  exhibited.  Cast-iron  joint  chairs  for 
bridge  and  foot  rails  were  exhibited,  with 
wrought-iron  wedge,  keys  placed  above  or  lielow 
the  flanges ;  they  are  set  up  and  fastened  by  Isdts 
and  nuts.  There  were  also  double-headed  mils, 
with  cellular  cast-iron  brackets  bolted  on  the 
sides,  the  cells  U'ing  filled  with  timber,  con- 
crete, or  other  materials;  applicable  for  street 
railways  (fig.  27). 

Mr.  C».  E.  Dering  exhibited  a  M  spring-clip 
fish-joint"  of  tempered  steel,  and  spring  keys 
and  trenails  of  the  same  materiel  Also,  ex- 
amples of  rails  united  at  the  ends  by  hard- 
soldering,  which  are  said  to  have  been  exposed 
without  injury  to  four  years'  traffic  on  the  Great 
Northern  Railway. 

Mr.  J.  Morris,  London,  exhibited  an  iron 
w»slge,  to  replace  the  ordinary  wooden  wedge 
for  railway  chairs. 


chair  is  said  to  have  stood  the  test  of  several 
years'  trial. 

Messrs.  Ordish  &  Le  Fcuvre,  Westminster, 
exhibited  an  elastic  railway  chair  and  sleejier, 
in  which  the  rail  is  sus]»endcd  lietween  two 
cast-iron  keys  or  cushions,  similarly  to  Mr. 
Ashcroft's  system  with  wooden  cushions;  and 
for  the  same  purpose,  to  prevent  the  rail  from 
indenting  in  contvet  with  the  bed  of  the  chair. 
To  secure  the  keys,  they  are  serrated,  having 
ratchet-shaped  teeth,  to  fit  into  corresjionding 
teeth  in  the  jaws  of  the  chair,  which  are  sprung 
Open  to  admit  them. 

Mr.  H.  L.  Corlett,  Dublin,  exhibited  a  conti- 
nuous, surface-supi»orted  rail,  in  two  jiarts,  bolted 
together,  and  breaking  joint ;  thus  complete, 


Mr.  T.  Wright,  London,  exhibited  his 
"  patent  bed-plate  iron  solid  transverse  sleejjer 
j>ermanent  ways,"  with  wooden  cushions  and 
double-headed  rails, — a  title  which  explains  the 
nature  and  advantages  of  the  system.  Also,  his 
"  safety  railway,"  with  a  "  safety  kerb  "  cast  on 
the  sleeiH'rs,  parallel  to,  al*>ve  the  level  of,  and 
out«ide  the  rail,  at  each  side  of  the  line.  It  is 
designed  to  prevent  engines  or  carriages  leaving 
the  line  should  they  break  down,  and  to  offer  a 
friction-surface  for  the  application  of  sledge- 
brakes,  lit;  exhibits,  moreover,  his  "  patent 
l»ed-plate  iron-girder  solid  slcc|>ers  and  rails,"  for 
street  tramways ;  consisting  of  cast-iron  rails, 
moulded  into  six  and  twenty  different  shapes, 
— one  piece  with  eight  wearing  surfaces, — let 
flush  into  the  street 

Mr.  T.  Truss,  London,  exhibited  a  "  cushioned 
railway  chair,"  having  a  layer  of  elastic  mate- 
rial on  the  chair,  as  a  bed  for  the  rail. 

Messrs.  Ransomes  it  Sims,  Ipswich,  exhi- 
bited a  series  of  their  well-known  and  well-tried 
compressed  keys  and  trenails  for  railway  chairs, 
Ac.  They  are*  made  of  the  best  wood,  which  is 
cut  out  much  larger  than  the  finished  size,  care- 
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fully  desiccated,  ami  then  compressed  Ijy 
machinery.  When  driven  into  their  places,  they 
return,  under  the  influence  of  rain  and  mois- 
ture towards  their  original  size,  and  completely 
till  the  receptacle  made  for  them.  These  fasten- 
ings are,  in  some  instances,  injected  with  the 
vapour  of  creosote,  which  increases  their  dura- 
bility. 

Mr.  W.  B.  Adams,  London, 
exhibited  bracket -joints,  in 
which  a  wide-footed  piece  of 
angle  iron  is  bolted  to  the 
double-  headed  rail  on  each 
side,  forming  a  tjaae  to  rest  on 
the  sleeper ;  the  advantage 
being  tliat  wood  keys  are 
dispensed  with,  that  they  are  little  more  than 
half  the  weight  of  ordinary  Chan's,  and  that  the 
mils,  bearing  on  sleepers,  do  not  get  indented  on 
the  under  side. 

Mr.  J.  Ramsljottom,  of  Crewe,  exhibited 
wrought-iron  chairs,  formed  by  cutting  off 
lengths  from  a  continuous  rolled  bar.  They 
have  a  pair  of  wedge-form  jaws,  into  which 
wrought-iron  wedges  are  driven,  one  on  each 
side  of  the  rail,  by  which  the  rail  is  suspended 
with  the  lower  table  clear  of  the  chair,  similarly 
to  Mr.  Ashcroft's  chair  with  wooden  wedges. 

The  Anderston  Foundry  Comj»any,  Glasgow, 
exhibited  an  arrangement  of  metallic  wedge 
keys.  There  is  no  doubt  that  iron  keys,  per- 
fectly applied,  are  better  than  wooden  keys. 
The  chief  difficulty  lies  in  keeping  them  tight, 
and  this  can  only  be  done  by  making  the  wedge 
very  acute,  and  then  there  is  a  great  risk  of 
breaking  the  chair.  But  there  is  also  a  difficulty 
in  securing  a  fit,  between  the  surfaces  of  wedge, 
chair,  and  rail,  sufficient  to  prevent  the  first 
getting  loose.  This  is  accomplished,  in  the 
example  under  notice,  by  driving  the  key  be- 
tween two  nearly  concentric  curved  surfaces, — 
one  formed  by  the  chair  face,  and  the  other  by  a 
casting  fitting  the  rail  cliannel.  By  this  arrange- 
ment, any  insiccuracy  in  the  wedge  is  compen- 
sated for  by  moving  the  casting  more  or  less 
along  the  channel  of  the  rail. 

Mj-shi-s.  Kostlin  it  Battig,  Vienna,  exhi- 
bited a  rail  with  a  continuous  wrought-iron 
Waring,  formed  of  two  spreading  angle-irons 
l>olted  to  the  sides  of  the  rail,  which  is  made 
with  a  single  head,  the  angle-irons  resting  on 
the  tiallast.  This  is  a  variation  of  the  old  Bar- 
low rail.  As  the  angle-irons  incline  a  little 
downwards  on  each  side,  forming  a  recess  under 
the  rail,  they  must  suck  up  water  and  retain  it, 
and  there  must  be  a  liability  to  rock  on  the 
l«Ulast. 

M.  Mazilier,  Paris,  exhibited  a  double- 
headed  rail,  with  angle-brackets  bolted  to  the 
sides  of  the  rail,  the  horizontal  wings  being  just 
under  the  upper  head,  to  rest  on  the  ballast,  and 
supersede  sleepers  and  chairs.  This  is  but  a  repe- 
tition of  one  of  Mr.  W.  B.  Adams's  forms  of 
permanent  way. 


Mr.  Seaton,  London,  exhibited  a  system  of 
j»erinanent  way,  in  which  a  "  saddle  rail,"  resem- 
bling in  outline  the  Barlow  rail,  is  bolted  to  a 
half-baulk  of  timber,  cut  diagonally,  with  the 
apex  upwards.  This  gives  longitudinal  and  hori- 
zontal stiffness.  But  the  rail,  apart  from  the 
.  timber,  has  not  much  stiffness,  and  it  is  there- 
fore important  that  the  timber  should  not  l»e 
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f  liable  to  warp  or  twist.  The  l«ase  is  broader, 
with  a  given  quantity  of  timber,  than  in  the 
rectangular  sleeper  applied  under  the  bridge- 
rail  ;  but  the  difficulty  of  disturbing  the  ground, 
and  getting  at  it  to  pack,  is  the  same.  The  rails 
are  screwed  to  the  sleepers,  but  it  is  likely  that 
bolte  would  be  letter  than  screws,  as  was  expe- 
rienccd  on  the  Great  Western  Railway.  There  is, 
nevertheless,  a  good  principle  in  Mr.  Seaton's 
rail,  and  it  deserves  to  Ik;  thoroughly  worked 
out  (fig.  28). 

The  Butterley  Iron  Company  exhibited  a 
double-headed  rail,  5\  inches  deep,  weighing 
Go  lbs.  per  yard,  and  rolled  in  one  piece  to 
a  length  of  117  feet.  With  this  they  ex- 
hibited a  wrought-iron  double-headed  girder, 
10  inches  deep,  0}  inches  across  the  head, 
weighing  1831b.  jH*r  yard,  and  (JO  feet  long,  in 
one  piece. 

The  Governor  and  Company  of  Copper 
Miners  in  England,  Cwm  Avon,  exhibited  a 
bridge-rail,  90  feet  long,  weighing  581b.  per 
yard ;  and,  to  contrast  with  it,  a  lilliputian 
flanch  rail,  weighing  only  3|lb.  per  yard,  G3  feet 
in  length. 

In  the  examples  of  j*?rmanent  way  exhibited, 
there  is  little  requiring  critical  notice.  The  sus- 
pended double-headed  rail  is  likely  to  be  uni- 
versally adopted  in  some  one  or  more  of  the  forms 
in  which  it  has  been  exemplified  ;  and  of  these, 
Mr.  Adams's,  Mr.  Ashcroft's,  and  Mr.  Rams- 
bottom's,  are  the  most  promising.  The  fish-joint, 
with  the  various  little  improvements  elaborated 
ujsm  it,  has  lx»en  thoroughly  recognised,  and  has 
taken  its  place  in  the  railway  system;  it  is 
the  greatest  improvement  which  has  been  madp 
in  permanent  way  during  the  last  ten  or  twelve 
vears. 


CHAPTER  IX. 

FIXED  PLANT. 

Railway  SwitcJus  and  Crossings.  —  The 
chief  concern  in  dealing  with  switches  and  cross- 
ings is  to  insure  smooth  action,  so  that  trains 
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may  pass  through  them  at  high  speeds  without 
shock  ;  and,  next>  to  obtain  durability,  particu- 
larly in  crossings,  for  in  these  the  gaps  which 
are  required  to  be  formed  in  the  rails,  for  the 
crossing  of  the  wheel-flanges,  are  unavoidably  a 
source  of  wear,  and,  when  worn,  a  source  of 
danger. 

Mr.  P.  M.  Parsons  exhibited  the  old  and 
well-known  M  Wild  <t  Parsons'  switch,"  which 
was  the  first  to  take  the  place  of  the  ordinary 
notched  switches  and  mils.  The  fixed  mils  are 
retained  entire  and  uncut,  and  the  switches  are 
formed  out  of  rails  socially  rolled,  with  a  broad 
base  and  reduced  height,  having  the  points 
housed  under  the  fixed  mils  when  closed,  so  as 
to  afford  a  steady  and  continuous  juissnge  for 
wheels.  The  tables  of  the  chairs  on  which  the 
tongues  slide,  being  elevated,  are  easily  oiled  and 
cleaned,  and  they  keep  the  tongues  free  for 
action,  clear  of  Iwdlast  or  other  ol>struction. 

Messrs.  Wi  Barnes  <t  Co.,  Birmingham,  exhi- 
bited switches  and  crossings,  of  which  the  former 
are  based  on  the  principle  of  Wild's  housed  switch, 
but  arc  more  elaborated.  The  switch  is  called  a 
self-clearing  switch,  as  the  tallies  on  which  the 
tongues  slide  are  diagonally  placed,  and  a  little 
elevated,  that  the  tongues  may  clear  away  dirt 
or  other  dejwsit  in  sliding.  The  tongue  is  also 
made  very  deep  and  strong,  and  is  housed,  for 
greater  stability,  under  the  lower  as  well  as  the 
upper  table  of  the  fixed  mil.  The  crossing  is 
formed  of  rails  rolled  specially,  faced  with  steel 
welded  on  the  upper  and  lower  surfaces,  and 
reversible  ;  they  are  united  to  the  coutiguoiis 
rails  by  fish-plates.  Both  the  switches  and  the 
crossing  give  evidence  of  careful  ela1>omtion  in 
detail.  A  variety  of  crossing  is  adso  shown 
(Baines  «t  Woodhouse's),  in  which  the  jxiint- 
bar,  all  of  wrought  iron,  is  susjx-nded  in  the 
chair  by  its  upper  table,  thus  saving  the  lower 
table  from  wear  in  the  chair  ;  and  the  ]»oint  may 
bo  reversed. 

Mr.  RoWt  Richardson,  Westminster,  exhi- 
bited railway  switches  on  the  principle  of  Wild's; 
and  rail-fastenings,  like  those  which  have  already 
been  noticed  amongst  the  objects  exhibited  by 
tho  Permanent  Way  Company. 

The  Isen  Foundry  Company  exhibited  n  variety 
of  switches  and  crossings  and  other  railway  fur- 
nishings. 

Mr.  G.  A.  Biddell,  Ipswich,  exhibited  Ran- 
somesit  Biddell's  "solid  «ist-iron  chilled  railway 
crossing."  As  the  name  indicates,  these  crossings 
are  in  one  piece  ;  and  the  principle  is  sound,  for 
the  violence  and  variety  of  the  strains  to  which 
a  crossing  is  subject,  demand  the  most  solid 
union  of  jiarts,  as  well  as  the  utmost  degree  of 
durability.  These  qualities  are  united  in  the 
chilled  crossing,  as  toughness  is  insured  in  the 
body  of  the  casting,  and  durability  in  the  chilled 
surface,  which  surpasses  any  combination  of  iron 
and  steel  for  wearing.  The  casting  weighs  al»out 
lialf  a  ton  for  ordinary  angles — say  1  in  'J.  Since 
the  introduction  of  the  chilled  crossing,  in  1856,  | 


it  has  been  extensively  used  on  railways  of 
heavy  traffic,  without  any  accident.  They  have 
been  proved  to  last  seven  or  eight  times  as  long 

Fig.  3S>. 
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as  common  crossings,  and  are  reputed  to  have 
outlasted  even  the  reversible  cast  -steel  crossing's 
(fig.  29). 

The  "  Wild  it  Parsons'  switch  '*  is  not  likely 
to  be  superseded  by  any  other  yet  produced  ; 
'  and  it  is  prolmhle  that  the  chilled  crossing  will 
|  supersede  all  other  known  crossings. 
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Railway  Turntables  and  Traversers. — Messrs.  The  rollers  aro  8  inches  diameter,  and  revolve 

Thomas  Dunn  «fc  Co.,  Manchester,  exhibited  with  the  table.    The  total  depth,  from  the  level 

two  wrought-iron  surface  turntables,  15  feet  |  of  the  rails  to  the  upjier  surface  of  the  wood 

diameter,  supported  on  a  cast-iron  centre,  and  foundation,  is  about  11  or  12  inches.    The  iron 

by  rollers  on  two  rings  formed  of  ordinary  i  work  of  the  table  weighs  3  tons.    Both  tables 

rails,  keyed  into  ordinary  chairs  fixed  on  a  I  were  laid  down  in  working  order  in  the  Western 

timber  foundation.    The  table  is  of  plate  iron,  j  Annex,  to  connect  the  lines  of  rails  laid  down 

with  one  line  of  bridge  rail*  riveted  upon  it.  ,  for  moving  the  goods  on  trucks  :  they  were 
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thoroughly  well  made,  and  worked  most  suc- 
cesKfully  under  the  severest  usage,  subject  to 
shocks  of  ever)'  kind,  owing  to  the  nature  of 
the  work  and  the  steep  incline  from  which 
the  trucks  were  delivered  upon  the  turntables. 


Messrs.  Dunn  «fc  Co.  also  exhibited  the  curb  of 
of  a  "double  strong-ringed  railway  turntable," 
to  carry  50  tons ;  the  turntable  is  suited  to 
cany  a  revolving  mortar,  and  to  bear  the 
discharge.     It  will  l>ear  with  case  the  passage 
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of  locomotives  at  high  sj>ee<ls,  as  the  table  in, 
when  stationary,  lowered  upon  a  series  of  solid 
rings ;  and  Ls  raised,  for  working,  upon  a  central 
pivot,  by  means  of  suitable  gearing.  A  cast-iron 
surface  turntable  was  also  exhibited,  for  ware- 
houses and  railway  sidings,  similar  to  the  wrought- 
iron  tables  above  descrilied  (fig.  30). 

A  traverser  for  locomotive  engines  and  heavy 
goods,  and  one  for  carriages,  were  exhibited. 
The  carriage-traverscr  ia  used  for  moving 
carriages  and  waggons  from  one  line  of  rails 
to  another  without  the  use  of  turntables,  and 
without  damaging  or  weakening  the  main  line. 
A  line  of  rails  is  laid  down  across  the  lines 
for  carriages,  on  which  the  traverser  runs, 
and  is  shifted.  The  traverser  has  a  shelf  on 
each  side,  with  flat  rails,  uj>on  which  the  car- 
riage is  run  up  by  means  of  self-acting  inclines 
or  jKtints  attached  to  the  ends  of  the  traverser  ; 
the  carriage  is  then  shifted  sideways  across  the 
rails,  upon  the  traverser,  to  any  other  line  of 
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rails.  Many  useful  adaptations  of  the  traverser 
may  be  made.  The  eugine-traverserwas  laid  down 
in  working  order  in  the  Western  Annex,  and 
was  used  to  traverse  the  locomotive  engines  to 
their  places  for  exhibition,  which  was  done  quite 
successfully.  The  traverser  is  20  feet  long,  and 
Ls  fitted  with  gearing  to  l>e  worked  by  hand, 
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with  a  small  number  of  men  ;  the  main  line  I 
was  fitted  with  turnover  rails,  which  formed,  in  I 
fact,  a  part  of  the  main  line,  and  were  turned 
completely  over  on  hinges,  out  of  the  way  of  the 
traverser,  when  it  was  at  work,  or  when  it  stood 


in  the  main  line,  supplying  for  the  time  the 
place  of  turnover  rails.  By  this  means  the  rails 
on  the  traverser  can  be  placed  level  with  those 
of  the  main  line,  and  thus  engines,  tenders,  or 
heavy-loaded  waggons,  may  Ik*  placed  upon  it 
without  the  difficulty  of  ascending  an  incline  as 
in  the  carriage-traverscr.  The  traversers  were 
most  creditably  designed,  and  were  substantially 
DUtde  and  put  together.  The  weight  of  the 
traverser  is  about  7\  tons  (figs.  31,  32). 

Messrs.  Lloyds,  Foster,  «fc  Co.,  Wcdnesbury, 
exhibited  a  "  self-centering  turntable,"  patented 
by  Mr.  W.  H.  Ward,  Utica,  New  York,  and 
also  exhibited  by  him  in  the  American  depart- 
ment The  table  is  1 3  feet  diameter.  The  top 
is  framed  together  with  plates,  angle-iron  and 
T  iron,  with  a  wooden  deck  and  one  line  of 
bridge  rails.  It  has  not  the  usual  centre-pin, 
but  instead  of  this  is  carried  on  n  number  of 
hollow  cast-iron  globes,  12  inches  diameter, 
which  revolve  freely  in  a  circle  7  feet  diameter 
between  two  cast-iron  rings  hollowed  out  on 
their  running  tracks  to  embrace  the  globes 
sufficiently  to  keep  them  from  leaving  the  circle. 
The  foundation  is  of  wood,  and  the  curb  is  of 
}-inch  plate  iron.  The  whole  design  is  light,  and 
is  only  adapted  for  quiet  operations  ;  yet  the 
table  weighs  5^  tons.  It  turns  very  freely  •  at 
all  events  it  did  so  in  the  Eastern  Annex,  where 
it  was  kept  moving,  with  a  load  of  wheels  and 
axles. 

Messrs.  Bailies  «fc  Co.  exhibited  a  "united 
wrought-iron  girder  turntable,"  of  which  the  top 
is  built  of  iron  girders,  consisting  of  three  double- 
headed  plates  or  l>eams,  put  together  side  by  side 
with  tongues  and  grooves,  and  bolted  together 
to  form  the  girders.  This  mode  of  construction 
no  doubt  combines  strength  and  stiffness,  but 
there  are  too  many  pieces  (fig.  33,  page  41). 

The  "Society  Anonyme,"  Maubeuge,  Nord, 
exhibited  a  caniage  turntable,  consisting  of  cast- 
iron  framing,  with  a  wooden  deck. 

Weighing  Machine*. — "A  correct  balance  is 
a  just  arbiter  between  buyer  and  seller."  So  say 
Henry  Pooley  k  Sou,  of  Liverpool,  who 
exhibited  a  variety  of  weighing 
machines.     The  principal  ma- 
chine exhibited  by  them  was 
one  called  "  Locomotive-engine 
weighing  and  adjusting  tables," 
showing,  by  one  operation,  the 
total  weight  of  the  engine,  and 
also  the  weight  on  the  rail  at 
each  wheel  (Plate  V.).  They 
were  laid  down  in  the  Western 
Annex,  forming  part  of  the 
mixed  gauge  of  rails  laid  to 
carry  the  engines.    They  may 
Ik*  treated  as  one  machine,  and  they  consist 
of  six   independent  weighing  rails,  with  six 


steelyards  or  indicators,  one  to  each  rail,  which 
can  indicate  from  \  lb.  up  to  7  tons  each, 
therefore  capable  of  weighing  an  engine  of 
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42  tons  equally  distributed  on  six  wheels.  The 
first  engine-weighing  table  erected  in  England 
was  placed  at  Crewe  station,  by  Messrs. 
Foolcy  <fc  Son,  in  1847  ;  to  which  the  tables 
exhibited  in  1851  were  similar,  having  only  one 
table  to  weigh  a  pair  of  wheels, — three  tables 
and  three  steelyards  for  a  six-wheeled  engine. 


In  the  machine  of  1862,  the  independent  table 
allotted  to  each  wheel  admits  of  weighing 
the  engine,  and  adjusting  the  springs  and  the 
loads  on  the  rials  through  each  wheel,  at  one 
operation.  But  this  refinement  of  detail  de- 
manded greater  nicety  of  manipulation,  as  in 
weighing  a  Inxly  like  an  engine  resting  on  stiff 
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springs,  it  is  obvious  that,  in  the  first  place,  the 
bearing  surfaces  of  the  rails  on  which  the  engine 
is  to  be  weighed  must,  when  unloaded,  range  in 
a  true  level  plane, — longitudinally  and  trans- 
versely ;  and  secondly,  that  when  the  engine  to 
be  weighed  rests  on  the  machine,  the  descent  of 
the  tables  in  the  act  of  weighing  must  be  equal 
and  simultaneous.  If  the  tables  do  not  do  so, 
then  one  or  more  of  the  springs  of  the  engine 
will  be  relieved  of  part  of  their  load,  which 
will  be  transferred  to  the  remaining  springs, — 


thus  causing  a  double  error,  which  has  been 
found  in  practice  to  affect  the  indicator  as  much 
as  7  cwt.,  with  inch  difference  of  level.  This 
is  easily  understood  when  it  is  known  that  some 
engine-springs  deflect  only  \  inch  per  ton  of  load, 
and  others  not  so  much.  The  sensitiveness  of 
the  machine  has  induced  some  engineers  to  prefer 
the  old  three-table  machine ;  nevertheless,  the 
six  tables  are  preferable,  as  they  supply  a 
useful  test  of  the  quality  of  the  springs,  and 
Mr.  Pooley,  in  order  to  ensure  the  unison  of 
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action  winch  is  indispensable  for  correct  mea- 
surement, or  indeed  for  any  measurement  at  all, 
has  applied  a  "finger-shaft,"  placed  longitudi- 
nally under  the  series  of  steelyards,  which  are 
arranged  in  three  jiairs,  in  a  row ;  the  finger- 
shaft  carries  half-a-dozen  sliding  arms,  or  "  fin- 
gers," which  can  be  brought  to  l)ear  upon  the 
points  of  the  steelyards,  pressing  them  down  and 
blocking  them  simultaneously,  or  jiermitting 
them  to  rise  simultaneously,  at  the  will  of  the 
operator.  In  testing  the  distribution  of  weight 
on  the  wheels  of  an  engine,  the  steelyards  are 
in  the  first  place  blocked,  then  released  by  the 
operator  at  the  finger-shaft.  Should  they  fail 
to  move  at  the  same  instant,  or  to  move  at  all, 
the  operator  orders  the  springs  of  the  engine  to 
be  tightened  or  slackened,  as  may  be  requisite, 
until  by  repeated  trials  he  perceives  the  points 
of  the  steelyards  rise  simultaneously  on  being 
released, — snowing  that  the  appointed  weight  is 
incumbent  on  the  rail  under  each  wheel ;  thus 
the  practical  purpose  of  the  machine  is  effected. 
At  the  samo  time,  the  actual  distribution  of 
weight  may  be  ascertained  by  shifting  the  poises 
on  the  steelyanls  until  the  latter  rise  simul- 
taneously, as  before.  The  application  of  the 
"finger-shaft"  to  the  six-table  machine,  super- 
seded the  attendance  of  six  men,  previously 
required  for  the  manipulation  of  the  steelyards. 

The  second  novelty  in  Mr.  Pooley's  machine 
is  to  be  found  in  the  construction  of  the  steelyard 
and  its  permanent  poise.  The  steelyard  in  other 
machines  is  adjusted  by  means  of  adding  to  or 
subtracting  from  the  weight  of  the  counterpoise 
hung  from  the  end  of  the  steelyard.  But  he 
applies  the  adjustment  permanently  to  the  steel- 
yard itself,  by  means  of  a  tine  screw  inserted  at 
the  extremity  of  the  longer  arm,  in  connec- 
tion with  a  brass  slide,  by  which  its  proportions 
are  changed  according  to  changes  of  condition 
affecting  the  balance.  The  poise,  or  balance,  is 
a  sliding  weight,  made  like  a  saddle  to  embrace 
the  steelyard,  a  good  fit,  and  slid  by  hand,  to 
indicate  tons  by  the  scale  on  the  steelyard.  The 
poise  carries  an  auxiliary  or  sub-poise,  cylindrical, 
and  made  with  a  worm  motion  gearing  into  a 
rack  on  the  poise.  Each  turn  of  the  sub-poise 
advances  it  one  tooth  of  the  rack,  to  indicate 
hundredweights,  and  its  circumference  is  gradu- 
ated to  indicate  \  ><  muds.  To  save  time  in  setting 
the  sub-poise,  it  is  so  constructed  tliat  it  may  be 
slid  over  the  rack  when  at  the  position  of  zero. 
Thus  the  ordinary  loose  or  pendulous  weights 
are  su|>er9eded,  and  chances  of  error  and  delay 
avoided. 

The  third  novelty  consists  in  the  solid  form 
and  arrangement  of  the  levers  and  sustaining 
bearers  below  the  table,  which  permit  the 
transit,  and  carry  the  weight  of  heavy  engines, 
without  injurj'  to  the  knife-edged  centres  of  the 
levers  ;  these  are  placed  close  to  the  extremities 
of  the  weighing  rails,  so  that  "  tipping"  of  rails 
by  the  wheels  of  an  entering  or  departing  engine 
is  prevented.     Thus  the  ordinary  relieving 


apparatus,  employed  to  ease  the  tables  off  their 
bearings,  is  dispensed  with,  and  the  tables  are 
at  all  times  ready  for  use.  The  proportions 
of  the  levers  are  such  that  5  lb.  at  the  end 
of  the  steelyard,  37  inches  from  the  fulcrum, 
balances  one  ton  on  the  table,  giving  a  combined 
leverage  of  1  to  448. 

Messrs.  Pooley  it  Son  exhibited  a  weighbridge 
for  wheeled  carriages,  in  which  the  main  fulcra 
or  bearings  are  carried  by  the  iron  frame  or 
kerb,  thus  reducing  the  cost  of  foundations.  It 
is  fitted  also  with  the  same  kind  of  steelyard 
and  jioise  employed  in  the  engine -weighing 
table. 

A  machine  for  weighing  and  preparing  "  piles" 
for  railway  l*ars  is  likely  to  prove  useful  to  iron- 
masters, in  substituting  exact  weight  for  guess- 
work. The  top  of  the  frame  is  like  a  minia- 
ture railway,  with  a  weighing  table,  lever  under- 
neath, and  "a  steelyard  which  can  be  set  for  the 
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Piu-wsiomito  M*c«ir«,  by  Mem.  H.  Pooley  4  Son ;  for 
weighing  and  preparing  Piles  for  Bailway  Bare. 

required  weight  of  the  piles.  The  piles  are  built 
on  small  trucks  placed  on  the  machine,  and 
when  weighed  up  to  form  a  bloom,  each  truck 
is  run  off  to  the  bloom  furnaces  (fig.  34).  Other 
machines  were  exhibited,  for  weighing  mer- 
chandise and  parcels  and  for  the  use  of  rolling- 
mills. 

Mr.  R.  Kitchin,  of  Warrington,  exhibited 
Hind's  engine -weighing  machine  (Plate  VI.). 
Like  Mr.  Pooley's,  it  consists  of  six  tables,  with 
six  independent  steelyards  to  weigh  separately 
the  weights  at  each  wheel  of  a  locomotive.  The 
machine  is  "  self-contained,"  l>eing  enclosed  in, 
and  attached  to,  strong  iron  framing,  by  means 
of  which  the  cost  of  foundations  is  exj>ected  to 
become  merely  nominal. 

The  lines  of  rails  on  the  tables  are  con- 
tinuous, that  is  to  say,  they  are  applied  end 
to  end,  ■without  the  intervention  of  the  fixed 
pieces  forming  part  of  the  frame  in  other 
machines.  This  is,  perhaps,  objectionable,  as 
the  bearing  centres  of  the  rails  being  bedded 
considerably  within  the  ends  of  the  rails, 
these  are  liable  to  tilt  under  a  heavy-loaded 
wheel  entering  on  them  ;  and  in  order  to 
avoid  tliis  contingency,  a  relieving  apparatus 
is  applied,  the  object  of  which  is  "  to  lay  the 
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whole  system  of  weighing  apparatus  dormant 
when  an  engine  has  to  go  on  or  off,  and  to  raise 
all,  including  the  engine,  to  the  weighing  jxwition, 
by  one  movement."  The  tables,  when  dormant, 
fit  into  bevilled  seatings  in  the  frame,  to  remain 
firm  and  steady  when  an  engine  passes  over,  and 
to  exclude  water  and  dirt.  The  steelyards  are 
made  to  indicate  tons,  hundredweights,  quarters, 
and  pounds  by  one  operation  ;  they  have  a 
pendulous  ball  for  the  ]>oise,  hung  from  a  circular 
disc,  with  extremely  minute  divisions,  indicat- 
ing pounds,  and  shifted  by  being  turned  on  its 
axis,  which  carries  a  pinion  that  gears  into  a 
rack  on  the  steelyard. 

Hind's  weighing- crab  was  also  exhibited  by 
Mr.  Kitchin.  It  is  an  ordinary  hoisting  arrange- 
ment for  overhead  travelling  cranes,  adapted  to 
weigh  goods  in  suspension,  fitted  with  a  relieving 
apparatus  and  a  steelyard,  to  indicate  the  weight 
by  one  operation.  This  crab  will  prove  useful 
at  railway  stations  and  in  large  works,  where 
weights  are  required  to  lie  registered. 

Messrs.  Catenot,  Beranger,  «fe  Co.,  Lyons,  ex- 
hibited a  machine  for  weighing  locomotives.  The 
steel vards  are  scattered, — in  two  lines  six  feet 
apart, — and  require  six  men  to  attend  them  in 
weighing  an  engine. 

Messrs.  L.  Sagnier  «fc  Co.,  Paris,  exhibited  a 
six-table  machine  to  weigh  locomotives,  up  to  48 
tons.  It  is  made  with  a  Bcale  to  each  steelyard, 
to  carry  heavy  weights,  with  an  additional  scale 
above  the  other  for  the  measurement  of  less 
weights.  There  is  a  tender  weighing  machine, 
to  weigh  20  tons. 

Messrs.  C.  Schember  «fe  Son,  Vienna,  exhi- 
bited a  machine  to  weigh  the  load  on  one  pair  of 
wheels  at  a  time,  with  one  table  and  two  steel- 
yards. As  the  fulcra  are  not  under  the  rails, 
but  beside  them,  at  a  little  distance,  the  indica- 
tions cannot  lie  depended  upon  for  exactness,  the 
weight  on  one  rail  being  in  a  jxmitinn  to  affect 
the  steelyard  of  the  other. 

Signals.  —  Messrs.  Stevens  «fc  Son,  London, 
exhibited  their  well-known  semaphore  signal. 
The  pillar  is  constructed  of  iron  lattice-work, 
combining  strength  and  lightness  ;  it  is  fitted 
with  chains  and  pulleys  for  elevating  the  lamps, 
instead  of  ladders ;  compensating  "  pull-over 
levers,"  for  working  auxiliary  signals,  which  are  j 
stated  to  lie  certain  at  a  distance  of  a  mile 
(fig.  35). 

Messrs.  Richardson  «fe  Chattaway,  London,  ■ 
exhibited  their  train-signal,  to  enable  the  guard 
to  communicate  with  the  engine-driver  ;   it  ) 
comprises  a  mode  of  adjusting  the  weight  for 
taking  up  the  slack  of  the  signal-cord. 

Level-crossing  Gates. — Messrs.  Bain,  M'Nicol, 
&,  Young,  of  Edinburgh,  exhibited  a  set  of 
simultaneous-acting  level -crossing  gates,  turned 
by  endless  chains  underground. 

Mr.  A.  Vickers,  of  Bristol,  exhibited  a  pair 
of  level-crassing  gates,  worked  by  worm-gear, 
with  shafting  and  mitre  gear  to  the  back  styles.  | 
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MACHINERY  FOR  TIIE  PREPARATION  AND  SPINNING  OF  COTTON. 


CHAPTER  I. 

INTRODUCTION'. 

THE  general  interest  manifested  in  the  dis- 
play of  machinery  in  motion,  for  the 
manufacture  of  cotton  in  the  Western  Annex, 
was  heightened  hy  the  universal  consciousness 
of  the  great  crisis  in  the  cotton  industries,  which 
has  stopped  the  ordinary  supplies  of  the  raw 
material  from  the  Southern  States  of  America, 
and  has  resulted  in  the  enforced  idleness  of 
nearly  half  a  million  of  our  fellow-countrymen. 
Sea  Island  cotton  stands  highest  in  the  estima- 
tion of  English  mill-owners,  on  account  of  its 
great  length  of  staple,  and  its  superior  cleanli- 
ness; and  it  Is  used  for  the  finest  qualities  of 
yam.  But  good  and  middling  Orleans  cotton 
was,  previoiis  to  the  commencement  of  the  war 
in  tho  States,  the  most  largely  consumed.  Since 
that  time,  Egyptian  cotton  has  been  substituted 
for  Sea  Island,  and  East  Indian  for  Orleans.  In 
connection  with  the  demand  for  Indian  cotton, 
general  attention  has  recently  been  directed  to 
India  for  the  production  of  that  article ; 
and  though  Indian  cotton  was  open  to  the  ob- 
jection of  shortness  of  staple, — yet,  when  our 
manufacturers  made  it  their  business  to  look 
the  difficulty  in  the  face,  it  was  found  quite 
possible — and  it  was  proved  perfectly  practicable 
at  the  Exhibition — to  work  up  staples  of  the 
shortest  sorts.  In  fact,  the  necessity  of  dealing 
with  Surat  cotton,  and  making  the  best  of  it, 
has  caused  people  to  learn  to  spin.  "  Twenty- 
fours"  was  the  finest  count  they  were  in  the 
habit  of  spinning  from  Surat  staple,  with  a 
loss  of  material  by  waste  amounting  to  25  per 
cent.,  sold  for  manure  at  a  shilling  a  ton ; 
they  can  now  successfully  spin  an  excellent 
round  thread  of  double  the  fineness —  "  fifties 
is  the  count  —  and  there  is  very  little  doubt 
that,  with  the  aid  of  improved  cultivation, 
if  the  inducement  continues,  "  sixties "  and 
"  seventies  "  will  be  reached  in  time.  A  writer 
in  the  "  Cornhill  Magazine,"  for  November, 


18G2,  is  so  sanguine  of  the  capabilities  of  the 
Indian  staple  for  improvement,  that  he  confi- 
dently predicts  it  will  rival  in  every  respect  the 
staple  which  is  in  such  high  repute  with  English 
manufacturers.    In  support  of  his  prediction,  he 
instances  the  successful  ex]>eriments  of  an  Eng- 
>  llsh  gentleman  who  liad  visited  Nagpore  for  the 
purchase  of  cotton,  and  who  purcliased  on  his 
I  own  account  from  the  native  cultivators  a  field  of 
a  few  acres  extent,  in  which  the  cotton  phuits 
'  were  just  breaking  through  the  earth.    He  liad 
'  his  plants  carefully  weeded  and  pruned,  and  the 
i  soil  at  the  roots  loosened  and  watered  when 
[  needful.    The  result  of  this  judicious  treatment 
was  that  the  plants  yielded  treble  the  quantity 
of  cotton  produced  on  his  neighlKiurs'  fields, 
with  a  longer  and  stronger  staple.    His  second 
year's  crop,  grown  from  the  most  promising  seed 
of  his  first  crop,  yielded  a  supply  of  cotton,  "  in 
every  resj)ect  equal  to  the  best  New  Orleans, 
and  surpassing  it  in  delicacy  and  brilliancy  of 
colour." 

The  length  of  staple  not  only  varies  for  dif- 
ferent kinds  of  cotton,  but  varies  also  in  the 
same  kind.  Thus,  Sea  Island  cotton  varies  from 
1  \  to  2  J  inches  in  length  of  staple  ;  New  Orleans 
cotton  varies  from  1  to  1^  inch ;  and  Surat  cot- 
ton varies  from  £  to  1  inch  in  length  of  staple. 

Although  there  arc  several  varieties  of  cotton 
produced  in  India,  including  that  raised  from 
Sea  Island,  Egyptian,  aud  New  Orleans  seed, 
there  are  but  two  recognized  descriptions  of 
cotton  exported  to  England :  tho  Dharwar 
cotton,  partly  raised  from  exotic  seed ;  and 
M  Surats,"  which  comprehend  generally  every 
kind  of  indigenous  cotton.  The  saw-ginned 
cotton  of  Dharwar  lias  long  held  a  favourable 
place  in  the  Liverpool  market.  It  is  commonly 
supposed  to  have  been  raised  from  New  Orleans 
seed,  and  though  it  is  so  only  in  part,  there  is 
no  doubt  that  the  l>est  cotton  from  Dharwar  is 
j  grown  from  the  best  Orleans  seed  ;  and  it  would 
be  still  further  improved  in  quality  if  cleaned  in 
the  Macarthy  gin.    The  chief  defect  of  all, 
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that  has  militated  against  the  use  of  Indian 
cotton  in  England,  is  the  foul  and  adulterated 
state  in  which  the  raw  material  is  haled  for 
exportation.  In  addition  to  the  impurities 
which  liave  adhered  to  the  cotton,  either  in  the 
field,  in  its  culling,  or  in  its  removal,  every 
broker,  weigher,  or  jaicker,  through  whose  hands 
it  passes,  filches  a  pound  or  so  as  his  perquisite, 
and  makes  up  the  weight  with  some  foreign 
sulwtance.  To  correct  this,  the  cotton  must  be 
grown  under  European  sujMjrintendeuce ;  the 
European  would  be  but  serving  his  own  inte- 
rests in  seeing  that  the  cotton  he  purchased  was 
clean  and  pure  ;  and,  when  packed  and  screwed 
by  him,  tho  chances  of  deterioration  in  transit 
to  the  port  of  shipment  would  be  avoided.  In 
fact,  it  is  reported  that  strong  measures  are  now 
being  adopted  by  the  Indian  Government — sen- 
sible of  the  enormity  of  the  abuse — to  prevent 
adidteration,  and  that  a  staff  of  cotton  inspectors 
luus  l>een  apjtointed. 

The  first  process  in  the  manufacture  of  cotton 
is  the  separation  of  the  seed,  by  means  of  gins, 
from  the  staple,  to  which  it  is  intimately 
attached,  converting  seed-cotton  into  cotton. 
The  next  process  hi  to  clean  and  o{>en  the  cotton, 
which  arrives  at  the  mill  in  bales,  in  a  highly- 
compressed  condition,  by  means  of  scutchers, 
beaters,  and  ventilators, — being  tho  first  stage 
of  preparation,  which  delivers  the  staple  in 
lxits  or  fleeces  of  even  consistency.  In  the  third 
process,  the  cotton  is  carded  ;  that  is  to  say,  the 
fibres  are  drawn  out  and  laid  straight  and  paral- 
lel, and  delivered  in  the  form  of  slivers,  or  bands 
of  cotton.  Fourtldy,  the  slivers  are  doubled 
and  drawn  repeatedly,  in  order,  by  thus  mixing 
the  staple,  and  averaging  the  defects,  to  equalize 
the  substance  and  consistency  of  the  slivers,  and 
to  range  the  fibres  perfectly  straight  and  paral- 
lel.  Fifth,  the  sliver  is  delivered  to  the  slubbing, 
roving,  and  spinning  machines, — throstles  or 
mules, — by  which  it  is  repeatedly  doubled,  drawn, 
and  twisted,  until  it  is  converted  into  thread, 
and  wound  upon  bobbins  or  spindles.  The 
thread  is  next  prepared  for  being  woven  into 
cloth  in  looms,  and  is  subjected  to  various 
treatment,  to  suit  the  requirements  of  the 
manufacturer. 

The  oldest  machines  for  cleaning  cotton  are 
tho  Indian  churkas,  of  which  one  was  exhibited 
by  Messrs.  Piatt  Brothers  &  Co.  They  are  still 
used  by  the  natives  in  India,  and  have  probably 
remained  without  material  improvement  or  mo- 
dification for  two  thousand  years.  In  the  Indian 
churka,  two  wooden  rollers,  J  inch  diameter,  and 
from  6  to  12  inches  long,  are  placed  together  in 
a  wooden  frame,  and  they  work  together,  with 
spiral-cut  teeth  cut  out  of  the  ends,  to  gear  with 
each  other.  The  machine  is  turned  by  one  hand 
and  fed  by  the  other:  the  seed-cotton  being 
lianded  to  the  rollers,  they  seize  and  draw  through 
the  staple,  delivering  it  on  the  other  side  ;  and 
they  reject  the  seed  and  a  great  iiortion  of  the 
impurities,  which  fall  down  on  the  feeding  side. 


It  is  said  that,  with  the  conunon  churka,  the 
natives  gin  upwards  of  seventy -five  per  cent,  of 
the  cotton  produced  in  India ;  and  that  it  usually 
takes  twenty  persons  to  produce  1  cwt.  of  clean 
cotton  jkt  day,  or  alwut  94  lb.  j>cr  hour, — less 
than  half  a  pound  i>er  hour  for  each  person  !  Such 
is  labour  in  India  ! 

The  pressing  need  of  improvements  in  ginning 
processes,  to  meet  the  wants  of  the  trade,  led  to 
the  invention,  about  the  year  1790,  by  Mr.  Eli 
Whitney,  of  the  State  of  Georgia,  of  his  well- 
known  saw-gin,  which  at  once  enablwl  the 
producers  of  cotton  to  keep  pace,  in  cleaning 
it,  with  the  demand  of  the  times.  An  im- 
mense stimulus  was  thus  given  to  tho  cotton- 
producing  power  of  America :  the  production 
in  the  United  States  alone  rose  from  138,000  lb. 
in  1792,  to  1,600,000  lb.  in  1793,  which 
was  further  increased  two  -  hundred  -  fold  —  to 
32,500,000  lb. —in  1802,  ten  years  from  the 
date  of  the  invention.  In  18G0,  the  cotton 
crop  of  the  United  States  amounted  to  the 
nearly  incredible  quantity  of  4,000,000  of  bales 
of  500  lb.  each,  or  2,000,000,000  lb. 

It  is  a  noteworthy  fact  that  the  cotton-gins  in 
general  use  in  the  States  are  facsimiles  of  the 
original  Whitney  gin,  notwithstanding  many 
inventions  that  have  been  designed  to  improve 
u]>on  or  supersede  it.  This  gin  contains  about 
fifty  or  more  circular  saws  mounted  about  nn 
inch  apart  on  a  cylinder  turned  by  a  fly-wheel. 
Another  cylinder  mounted  with  brushes,  and 
working  in  an  opjiosite  direction,  clears  the  cotton 
from  the  teeth  of  the  saws.  It  is  stated  that 
one  man  with  a  two-horse-power  engine  can  clean 
with  Whitney's  eighty-saw  machine  5,000  lb.  of 
seed-cotton  per  day  of  fourteen  hours.  As  the 
clean  cotton  averages  twenty  to  thirty  per  cent, 
in  weight  of  the  seed-cotton,  the  machine  would 
produce  1,250  lb.  of  clean  cotton  per  day,  or 
about  90  lb.  per  hour.  It  is  nevertheless  ob- 
jected to  the  Whitney  gin  that  it  injures  the 
staple.  The  machine  was  specially  adapted  for 
the  strong  short-staple  cotton,  with  a  large  green 
seed  and  tightly-clinging  fibre,  usually  known  as 
New  Orleans,  or  more  properly  the  Mexican 
green  seed  variety.  Whereas,  for  the  long,  tine, 
and  delicate  varieties,  as  Sea  Island  or  Queens- 
land, or  the  small  native  staples  of  India  (the 
Surats),  the  Whitney  gin  has  been  found  com- 
paratively worthless.  It  did  considerable  in- 
jury to  the  fibre  in  the  process,  and  materially 
depreciated  it.  The  recently  increased  cultiva- 
tion and  growth  of  cotton  in  other  parts  of  tho 
world  has  so  increased  the  demand  for  gins  at 
home  as  to  have  called  the  attention  of  English 
machinists  specially  to  their  improvement  and 
construction. 

Until  within  the  last  twenty  years,  little  atten- 
tion has  Ixh'U  devoted  to  the  improvement  of  the 
carding  engine.  CardB  are  to  be  found  at  work 
in  some  of  the  tine-spinning  mills  in  Manchester 
which  were  made  more  than  sixty  years  since  ; 
and  these  cards,  though  they  turn  off  good  work, 
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do  very  little  of  it,  and  they  require  a  consider- 
able degree  of  attention,  several  attendants  being 
constantly  employed  in  stripping  both  the  flats 
and  the  main  cylinders.  In  a  mill  having  a  hun- 
dred such  carding  engines,  six  men  art?  constantly 
engaged  from  morning  to  night,  going  the  round 
of  the  cards,  stripping  a  flat  at  a  time.  Stripping 
is  a  most  important  work,  and  requires  close 
supervision,  for  if  the  impurities  and  fibres  which 
collect  at  the  roots  of  the  wire-brush  or  card  be 
not  cleaned  out,  the  cards  become  choked  up, 


and  they  cease  to  operate  effectively  upon  the 
cotton  submitted  to  the  carding  process.  Strip- 
ping should  be  j>erformed  regularly  and  uni- 
formly ;  when  it  is  done  at  intervals,  the  quality 
of  the  cotton  delivered  from  the  card  varies 
according  to  the  frequency  of  stripping  and  th« 
cleanliness  of  the  cards. 

The  number  of  factories,  spindles,  and  looms, 
and  of  persons  employed  in  the  spinning  and 
weaving  of  cotton,  in  1861,  as  shown  by  official 
returns  to  Parliament,  were  as  follows  :  — 


STATISTICS  OF  THE  COTTON  INDUSTRY  IN  1861. 


LANCASHIRE. 


Spinning  only   

Weaving  only   

Both  Spinning  and  Weaving 


Total  in  Lancashire 

Total  in  England  

Total  in  Scotland  .. 
Total  in  Ireland  


Number 
F  "f 

Number 
8  "die* 

>'ural*r 

of 
Loo  11 16, 

Power. 

Ntiiutits  Employed. 

Stwru. 

Water.  Main. 

Tol.1. 

727 

11,072,890 

• 

Ti.  p. 

73,284 

11.  P. 
1,319 

37,571 

42,876 

80,447 

571 

116,446 

13,627 

183 

22,077 

31,552 

56,620 

565 

10,457,633 

189,977 

113,326 

1,828 

73,877 

98,129 

172,006 

1,863 

21,530,532 

306,423 

200,237 

3,330 

133,525 

175,557 

309,082 

2,172 

28,351,615 

366,822 

259,163 

9,112 

170,107 

223,762 

393,929 

138 

1,845,686 

30,110 

13,919 

2,332 

7,208 

28,859 

36,067 

9 

119,041 

1,757 

909 

290 

824 

1,910 

2,734 

The  machinery  employed  in  the  manufacture 
of  cotton  into  cloth  naturally  divides  itself  into 
three  dej>artments, — preparing,  spinning,  weav- 
ing. The  machinery  for  preparing  and  spinning 
is  constructed  by  one  class  of  exhibitors,  whilst 
the  weaving  machinists,  with  one  exception — 
Messrs.  Piatt  Brothers  &  Co. — constitute  a  dis- 
tinct class  of  exhibitors.  It  will  be  convenient, 
therefore,  in  noticing  the  machinery  for  the  pre- 
paration  and  spinning  of  cotton,  to  examine 
and  dispose  of,  in  succession,  the  different  groups 
of  machines  exhibited, — mnking  no  attempt  at 
a  more  specific  classification ; — and  they  will 
be  taken  in  the  Older  in  which  they  were  placed 
in  the  Western  Annex,  commencing  with 
Messrs.  Walker  &  Hacking's  machinery. 


CHAPTER  II. 

MACHINES  EXHIBITED  DY  MESSRS.  WALKER  AND 
HACKING,  BURY. 

Messrs.  Walker  it  Hacking  exhibited  an 
entire  series  of  machines  arranged  for  coarse 
numbers,  including  two  throstles  and  two  mules. 

1.  Cotton  Opener. — The  cotton  to  be  delivered 
into  the  opening  machine,  should,  in  the  first 


instance,  Irj  carefully  mixed  from  the  various 
bales  selected  for  reduction ;  and  with  Surat 
cotton,  careful  mixing  Is,  jierhaps,  of  more  im- 
portance  than  with  any  other.  When  properly 
mixed,  the  staple  can  be  more  evenly  drawn, 
and  will  yield  a  stronger  and  rounder  thread 
than  when  the  mixture  is  imperfect. 

The  opener  has  one  toothed  cylinder,  and  one 
beater.  The  cotton  to  be  opened  being  spread 
evenly  upon  the  travelling  "  creeper,"  or  endless 
lath  frame,  is  conducted  to  a  pair  of  iron  fluted 
feeding  rollers,  which  are  sufficiently  weighted 
to  prevent  the  cotton  from  being  snatched  off  in 
too  large  pieces ;  having  passed  through  the 
rollers,  it  is  struck  by  the  teeth  on  the  cylinder, 
making  550  revolutions  per  minute,  and  is  ser- 
rated in  small  }>ortions,  from  the  fibres  of  which 
the  impurities  are  loosened.  The  heavy  impuri- 
ties, as  husks  and  sand,  are  idlowed  to  fall 
through  a  grid  which  encircles  the  cylinder 
below ;  and  the  cotton  passes  over  and  is  deli- 
vered ujH)n  a  pair  of  perforated  zinc  cylinders 
bv  means  of  the  draught  occasioned  by  the  ex- 
haustion of  air  from  the  zinc  cylinders  by  a  fan. 
The  cylinders  revolving  at  a  low  speed,  carry 
forward  the  cotton  between  them,  and  deliver  it 
in  a  connected  fleece  or  sheet  to  the  second  pair  of 
feeding  rollers,  which  present  it  to  the  beater 
revolving  at  about  1 350  times  j>er  minute.  By 
the  beater,  the  cotton  is  still  further  loosened 
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and  the  fibres  separated,  and  an  additional  quan- 
tity of  heavy  impurities  is  discharged  through 
the  second  encircling  grid.  The  cotton  is  again 
drawn,  by  means  of  a  fan-draft,  against  and  be- 
tween a  second  pair  of  perforated  cages,  and  again  | 
delivered  in  the  form  of  a  fleece,  when  it  is  dis-  > 
cliarged  over  and  through  three  calender  rollers, 
to  compress  the  fleece  into  a  "lap."  The  lap 
is  taken  up  on  the  lap-roller,  which  is  slightly 
conical,  so  that  it  may  be  readily  withdrawn  from 
the  lap  when  the  latter  is  made  up  to  the  size  re- 
quired. To  ensure  the  regular  and  uniform  wind- 
ing of  the  lap  on  the  lap-roller,  it  is  rested  in  the 
holl  ow  between  two  fluted  rollers,  which,  moved 
at  a  constant  speed,  draw  forward  the  lap,  which 
is  passed  between  them  and  the  lap-roller,  and  is 
taken  up  by  the  latter  at  a  uniform  circumferen- 
tial speed.  Still  more  to  compress  the  lap,  and  eco- 
nomise bulk,  a  pair  of  nicks  are  hung,  one  from 
each  end  of  the  axle  of  the  lap-roller,  which  gear 
with  pinions  on  a  brake-shaft,  having  a  friction- 
wheel,  on  which  the  strap  may  be  tightened  to 
regulate  the  resistance  to  the  ascent  of  the  lap- 
roller  as  the  roll  enlarges  upon  it,  and  thus  to 
produce  a  firm  and  comjmct  roll  of  lap.  When 
the  lap  reaches  the  required  weight — usually  about 
■10  lb., — a  self-acting  stopping  motion  sus|>ends 
the  delivery,  and  the  laj>-mller  is  withdrawn  to 
make  way  for  an  empty  roller. 

This  opener  is  designed  for  working  both  Indian 
and  American  cotton.  The  toothed  cylinder  is  37 
inches  in  diameter,  and  carries  six  ribs  on  the  cir- 
cumference, armed  with  teeth  2  inches  in  length, 
■jPy  inch  thick,  and  £  inch  ajiart ;  so  formed  with 
flat  faces  as  to  oj>en  the  cotton  without  stringing 
it.  If  the  teeth  had  only  been  half  as  broad  and 
twice  as  many,  they  woidd  probably  have  been 
more  effective  in  accomplishing  the  object  in 
view,  which  is  to  completely  separate  the  fibres 
of  the  cotton  and  rid  it  as  much  as  jxwsible 
of  dirt.  The  feed  rollers  are  placed  j|  inch 
clear  of  the  cylinders,  near  the  upper  side, 
to  obtain  an  extensive  cleaning  surface.  The 
width  of  the  spaces  between  the  grid -bars 
may  Imj  varied  according  to  the  nature  of  the 
cotton  to  be  opened.  The  beater  is  18  inches 
diameter,  and  has  four  knives  or  blades  set 
|  inch  clear  of  the  feed  rollers ;  by  this  means 
the  cotton  can  be  made  into  a  lap  for  the  scutcher, 
at  the  finishing  end.  This  machine  is  said  to 
be  capable  of  opening  from  25,000  to  30,000  lb. 
of  cotton  in  58  hours,  including  sufficient  time 
for  cleaning  it ;  but  it  is  questionable  whether  it 
can  wind  into  hip  more  than  half  that  quantity. 

2.  Single  Scutcher,  wit/i  Lap  Machine. — This 
scutcher,  40  inches  wide,  consists  of  one  ljeater, 
16  inches  diameter,  with  three  blades,  and  an 
inside  fan  with  down-draught.  The  laps  from 
the  opener  are  placed,  three  at  a  time,  in  suc- 
cession, upon  the  travelling  creeper,  on  which 
they  are  kept  in  |>osition  by  rods  passed  through 
them  and  into  guide-slots  in  the  side-frames.  They 
are  unrolled  one  over  the  other,  so  that  three 


thicknesses  of  lap  are  conducted  to  the  feed- 
rollers,  weighted  as  in  the  ojiener,  which  deliver 
the  lap  to  the  beater.  The  blades  of  the  beater 
are  set  \  inch  clear  of  the  rollers,  and  make  1,600 
revolutions  per  minute.  To  ensure  a  uniform 
thickness  and  weight  of  lap,  Lord's  patent  feed- 
regulator  is  attached  to  the  machine.  It  operate* 
by  varying  the  velocity  of  the  feed-rollers  in- 
versely as  the  total  thickness  of  lap  passing 
between  them,  so  that  the  thicker  the  lap  the 
slower  is  the  feed  ;  and  the  cotton  Is  delivered  to 
the  beater  at  a  uniform  rate — 1  lb.  per  yard  run 
for  twenties  count.  To  vary  the  sj>eed  of  the 
feed-rollers,  they  are  driven  by  means  of  a  band 
Working  over  two  vertical  conical  drums,  on  which 
the  position  of  the  Ixand  is  shifted,  by  means  of  a 
direct  connection,  simultaneously  with  the  rising 
and  falling  of  the  upper  feed-roller  upon  the  lap. 
The  sjx'cds  of  the  rollers  are  thus  simultaneously 
regulated  to  the  thickness  of  the  lap  passing 
between  them. 

The  heavy  impurities  loosened  from  the  staplo 
find  their  way,  as  before,  through  the  grid,  and 
the  cotton  is  drawn  forward,  as  before,  to  the 
perforated  zinc  cylinders,  and  rolled  into  lap. 
The  cotton  is  passed  and  rejMissed  three  times 
through  this  machine,  for  the  purpose  of  being 
thoroughly  beaten  and  cleaned.  The  machine  is 
fitted  with  a  stop-motion,  like  the  opener. 

3.  Single  Carding  Engine. — This  engine  is 
of  the  usual  sort,  having  one  main  iron  cylinder, 
45  inches  diameter,  with  seven  iron  rollers 
6  inches  diameter,  and  six  iron  clearers  3$  inches 
diameter.  The  taker-in  cylinder  is  0  inches, 
and  the  dotting  cylinder  is  22  inches  diameter. 
The  working  surfaces  of  these  cylinders  and 
rollers  are  covered  with  cards,  or  fine  steel-wire 
thickly  set  in  sheets  of  leather,  woollen  cloth, 
india-rubher,  or  india-rubber  cloth,  for  the  pur- 
pose of  thoroughly  separating  the  staple,  fibre 
from  fibre,  and  straightening  it. 

The  carding  engine  is  supplied  with  laps  from 
the  scutcher,  which  are  fed  into  the  licker-in 
in  this  machine  by  means  of  one  roller  and  dish. 
The  "  dish"  is,  in  fact,  a  segmental  edge  on  the 
feeding  plate,  on  which  the  lap  passes  under 
the  roller  ;  and  the  feeding-edge  carries  forward 
the  lap  close  to  the  surface  of  the  licker-in : 
more  closely  than  could  lie  done  by  the  agency 
of  a  pair  of  rollers.  Underneath  the  licker-in, 
which  seizes  the  cotton  as  it  is  delivered  from 
the  feed-roller,  there  is  placed  a  strip  of  iron, 
planed  to  a  straight  edge,  which  may  lie  set  to 
any  angle  with  the  surface  of  the  licker-in,  mid 
which  separates  a  jsjrtion  of  the  husk  and  other 
impurities  which  may  yet  cling  to  the  cotton, 
and  Would  otherwise  pass  over  into  the  cylinder. 
On  the  other  side  of  the  cylinder  there  is 
another  and  similar  strip  of  iron  applied  at  the 
surface  of  the  cylinder,  in  advance  of  the  last 
roller,  with  a  ledge  fixed  at  it.s  lower  edge,  to 
intercept  and  retain  the  shale,  leaf,  or  other 
!  matter,  which  would  otherwise  pass   on  the 
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doffer,  from  which  the  cotton  is  delivered,  and 
woxdd  be  carried  off  into  the  sliver.  This  strip- 
ping-plate  would  be  of  service  in  all  carding 
engines.  The  cotton  is  taken  from  the  doffer  by 
means  of  a  comb  or  toothed  steel  plate,  which  is 
caused  to  reciprocate  in  front  of,  and  tangentially 
to,  the  surface  of  the  doffer,  removing  the  cotton 
in  a  light  fleece  the  full  width  of  the  doffer. 
The  fleece  is  contracted  and  drawn  through  a 
tube  by  means  of  a  j>air  of  rollers,  which  deliver 
it,  in  the  form  of  a  sliver  about  1  £  inch  broad, 
into  a  cylindrical  tin  can.  That  the  sliver  may 
be  dejxwited  regularly  and  compactly,  the  can  is 
turned  on  its  axis,  with  a  slow  revolving  motion. 
The  combing  motion  for  the  doffer  is  new,  eccen- 
trics being  substituted  for  the  usual  crank  motion. 
The  working  journals  of  the  comb-stock  are  of 
cast  iron,  in  cast-iron  bearings.  The  manner  of 
lifting  tlie  catches  for  holding  up  the  cover  is 
novel :  the  shaft  usually  placed  across  and 
above  the  cover,  is  placed  underneath,  which 
leaves  the  free  for  receiving  a  lap  on  the 

top  of  the  machine,  —  sometimes  very  con- 
venient. This  engine  is  stated  to  be  capable  of 
carding  500  to  GOO  lb.  per  week. 

4.  Drawing  Frame.  —  This  machine  is  one 
of  three  heads  and  six  dcliverira,  Its  function 
is  to  straighten  the  fibres,  and  to  average 
and  equalize  the  sulwtance,  of  the  slivers 
brought  from  the  carding  engine.  For  this 
object,  six  card-slivers  are  passed  in  at  one  head 
of  the  machine,  joined  into  one,  and  at  the 
same  time  drawn  out  or  extended  to  six  times 
their  length,  and  the  resulting  sliver  delivered 
at  the  other  side  of  the  machine  is,  in  conqx»si- 
tion,  an  average  of  six  card-slivers,  anil  of  the 
same  weight  or  substance  ]>er  yard.  This  oj»era- 
tion  ia  repeated  through  the  second  and  third 
heads  ;  and  the  final  sliver  is  therefore  the 
avernge  of  G  x  6  X  6  =  216  card-slivers,  and 
its  fibres  are  straight  and  parallel.  But,  too 
much  "doubling"  and  drawing  of  short  cotton 
is  injurious  to  the  weaker  staples. 

The  drawing  process  is  jwrformcd  by  the  agency 
of  four  jwtirs  of  rollers,  revolving  at  different 
spi-eds,  through  which  the  slivers  arc  passed. 
The  lower  rollers  are  of  iron,  in  a  row  j  the 
back  or  first  roller  is  coarse-fluted.  The  "top 
rollers"  are  placed  over  them.  The  back  toprollers 
are  fluted  like  those  below,  in  order  to  pull  in  the 
sliver  uniformly.  The  other  top  reliefs  are 
covered  with  strong  woollen  cloth  sjiecially  pre- 
pared, and  covered  with  varnished  sheepskin. 
The  top  rollers  are  on  Mr.  Evan  Leigh's  system, 
the  peculiarity  of  which  is  that  the  rollers,  which 
are  placed  in  pain*  on  short  shafts,  turn  on  the 
shaft  independently  of  each  other,  like  loose 
wheels  on  one  axle,  that  the  slivers  may  pass 
freely  under  the  rollers,  without  lieing  liable  to 
the  abrasion  or  other  injury  which  formerly 
arose  from  inequalities  of  rim  in  the  rollers, 
when  fixed  on  one  shaft.  They  are  heavily 
loaded  with  suspended  weights,  and  are  sustained 


by  the  lower  rollers,  so  that  the  slivers  are  firmly 
:  held  between  them,  and  prevented  from  slipping 
through  under  the  drawing  action.  The  first 
j>air  of  rollers  moves  slowly,  and  each  succeeding 
jwiir  moves  faster,  the  front  or  finishing  rollers 
making  450  revolutions  per  minute.  Thus,  the 
sliver  is  partially  drawn  in  three  successive 
stages  between  four  ]>airs  of  rollers. 

This  drawing-frame  is  fitted  with  the  usual 
I  stojvmotions  at  the  back  and  the  front,  to  stop 
the  machine  when  any  one  of  the  slivers  breaks 
accidentally.  The  slivers,  when  whole,  pass  over 
and  are  borne  by  "tumblers,"  or  unlmlanced 
levers,  one  to  each  sliver,  which  "  tumble"  when 
the  slivers  break  and  release  them,  and  in  tum- 
bling, come  into  contact  with  a  catch,  which  by 
releasing  a  spring  throws  the  driving-belt 
on  to  the  loose  pulley.  The  frame  rests  until 
the  attendant  fixes  the  sliver,  restores  it  in 
position,  and  again  sets  the  machine  in  motion. 
There  is  another  stop-motion  to  act  when  the 
receiving  cans  are  filled,  which  is  new,  and  is 
J  seldom  applied  by  other  makers.  This  is  a  useful 
motion :  without  it,  a  great  deal  of  waste 
occasionally  takes  place,  by  the  sliver  overrun- 
ning the  can  in  the  absence  of  an  attendant. 
The  front  part  of  the  frame  is  cased  up  in  a  neat 
and  compact  manner ;  the  casings  may  l>e  easily 
taken  off  and  replaced,  without  the  aid  of  a 
screw-key. 

5.  Stubbing  Frame. — This  is  a  frame  of  thirty- 
two  spindles.  In  the  slubbing-framc  the  sliver 
is,  for  the  first  time,  twisted.  It  is  also  drawn, 
by  means  of  three  pairs  of  rollers.  First  drawn  ; 
then  twisted,  by  the  revolution  of  the  flyer,  but 
as  little  as  is  practicable,  to  give  just  sufficient 
strength  or  cohesion  to  keep  the  sliver, — now 
called  "  coarse  roving"  or  w  stubbing," — from 
breaking,  whilst  it  is  passed  down  the  tube  of 
the  flyer  and  wound  ujKin  the  bobbin.  The  draft 
should  not  exceed  5  inches  for  each  inch  of  the 
sliver.  The  bobbins  are  carried  on  spindles  con- 
centric with  the  flyers,  and  their  speed  is  reduced 
in  projwirtion  as  the  bobbin  gets  tilled,  and  the 
diameter  of  the  roll  of  stubbing  is  increased. 
Thus,  a  uniform  tension  is  maintained  tqxm  the 
stubbing,  between  the  drawing  rollers  and  the 
bobbin.  A  full  liobbin,  5  inches  diameter  and 
10  inches  long,  is  made  on  this  frame,  containing 
a  ]iound  of  stubbing,  840  yards  in  length,  for 
twenties  to  twenty-fours  counts. 

G.  Intermediate  Frame. — The  purjioKe  of  tins 
frame,  intervening  between  the  stubbing  and 
the  roving  frames,  is  to  get  a  doubling  on  the 
roving  before  it  enters  the  roving  frame.  Two 
slubbings  are  passed  through  the  rollers,  and 
drawn  into  four  times  their  length  ;  and  they 
are  united  in  front, — forming  thus  a  roving  of 
half  the  weight  jht  yard  of  the  slubbings,  with 
more  nearly  an  equality  and  evenness  of  sub- 
stance. It  is,  sis  before,  additionally  twisted, 
and  wound  on  a  bobbin  by  the  agency  of  the  flyer. 
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7.  Jack  Frame,  Fly  Frame,  or  Roving  Frame. — 
In  this  frame  the  rovings  are  again  doubled, 
drawn,  and  twisted. 

8.  Throstle*. — The  throstles,  or  throstle-frames, 
were  originally  called  water-frames,  from  the 
circumstance  that  the  fii'xt  frames  were  driven 
by  water -|K)wer ;  and  having  always  been 
employed  for  spinning  warp-yarns,  the  yarn  pro- 
duced by  the  the  throstle  is  bought  and  sold  under 
the  name  of  "  water-twist."  The  throstle  of  the 
usual  kind,  exhibited  by  Messrs.  Walker  «fe 
Hacking,  is  3  feet  wide ;  it  has  three  pairs  of 
l-ollers,  between  which  the  rovings  are  passed 
and  drawn.  The  draft  should  not  exceed  7  inches 
per  inch  of  the  length  of  the  roving.  The  frame 
is  mounted  with  spindles  and  flyers  as  in  the 
frames  previously  described,  making 5,500  revolu- 
tions per  minute ;  but  whereas,  in  the  others,  the 
bobbins  must  l>e  driven  by  gearing  separately  from 
the  gearing  for  turning  the  spindles,  the  thread 
spun  by  the  throstle-frame  as  it  leaves  the  flyer 
has  sufficient  strength  in  itself  to  drag  the  l>obbin 
about  its  axis,  keeping  itself  taut,  at  the  same 
time  winding  itself  on  the  bobbin.  No  special 
gearing,  therefore,  is  provided  for  turning  the 
bobbins  ;  and,  that  the  bobbins  may  drag  with 
the  projier  degree  of  frietional  resistance  to  keep 
the  threads  taut,  and  make  coinjioct  bobbins, 
they  are  supported  on  and  revolve  ujmjii  washers 
of  cloth  or  leather  of  suitable  roughness.  Thus, 
finally,  the  bobbins  revolve  with  a  velocity  at 
the  circumference  measured  by  the  difference 
between  the  revolving  velocity  of  the  flyer  and 
the  length  of  thread  delivered  through  the  flyer. 
The  throstle  is  only  adapted  for  spinning  num- 
bers from,  say,  fifties  downwards  to  coarser 
numbers,  as  there  must  be  a  certain  degree  of 
strength  in  the  thread  to  drag  the  bobbin,  which 
is  not  always  to  be  found  in  finer  numbers. 
The  finer  or  higher  numbers  are  spun  by  the 
mule. 

The  throstle  now  under  consideration  is  pro- 
vided with  plates  for  covering  the  feet  and 
collars  of  the  spindles — one  set  of  plates  on  the 
bottom  rail,  another  set  on  the  top  rail.  The 
plates  prevent  oil  getting  on  and  sjwiling  the 
washer- cloth,  and  destroying  the  drag  of  the 
bobbins ;  they  also  prevent  fly  or  dirt  getting 
into  the  eye  of  the  footstep,  which  works  for 
three  days  without  oiling ;  otherwise  requiring 
to  be  oiled  every  day.  These  plates  are  raised 
at  once  by  one  handle  ;  they  are  good  and  ser- 
viceable appliances,  and  arc  worthy  of  imitation. 
The  throstle  has  also  an  improved  rack  for  regu- 
lating the  lift,  which  can  be  done  with  great 
facility,  and  without  stopping  the  machine. 

In  Hall's  new  throstle,  also  exhibited  by 
Messrs.  Walker  <fc  Hacking,  the  chief  object  is 
to  dispense  with  the  "  doffers," — a  class  of  at- 
tendants, consisting  of  boys  and  girls,  required 
for  removing,  or  doffing,  the  bobbins  from  the 
spindles  when  tilled  with  yarn.  The  ordinary 
throstle  must  be  stopped  while  the  bobbins  are 


being  doffed,  which  of  course  causes  a  loss  of 
time  while  standing,  and  demands  a  large  atten- 
dance of  doffers.  To  save  these  contingent 
expenses,  the  flyers,  in  Hall's  throstle,  are  made 
with  long  tops  about  5  inches  in  length,  and  run 
in  two  l>earings.  The  driving  pulley  of  the  flyer 
is  fixed  on  the  upper  end  of  it.  The  flyers  and 
spindles  lie  over  at  an  angle,  not  vertically  as  in 
the  ordinary  frame,  and  thus  they  can  be  more 
directly  driven,  and  with  a  longer  band,  which 
ensures  more  nearly  positive  driving.  The 
spindles  are  slit  at  the  tops,  and  the  bobbins  are 
fitted  into  the  slits,  so  that  the  yarn  drags  both 
the  Iwbbin  and  the  spindle  round.  The  drag  is 
regulated  by  means  of  a  tape  passed  over  and 
under  each  spindle  with  tightening  screws.  The 
bobbins  do  not  rest  on  rails  as  in  the  ordinary 
frame,  and  the  washer-cloths  ore  dispensed  with. 
As  the  frame  may  be  doffed  by  the  spinners 
while  it  is  in  motion,  the  spindles  not  being 
connected  with  the  flyers,  the  attendance  of 
doffers  is  disj»ensed  with.  With  these  advantages 
there  are  drawbacks.  When  a  thread  is  broken, 
a  small  iron  hook  must  be  used  to  pass  the 
thread  through  the  eye  of  the  flyer,  which  con- 
sumes much  more  time  than  in  other  frames. 
The  frames,  Inning  4  feet  wide,  take  up  more 
room  than  others,  and  space  is  an  imj»ortant 
consideration  in  setting  out  a  mill. 

9.  Parrs  Self-acting  Mvle. — The  mule  which 
is  exhibited  is  adapted  for  spinning  cotton  yarns 
of  middling  qualities.  It  lias  three  pairs  of 
drawing  rollers,  to  reduce  the  roving  to  the 
size  of  the  finished  thread.  The  rollers,  the 
carriage,  and  the  spindles,  commence  to  move  at 
the  same  instant, — the  rollers  delivering  the 
roving  at  a  given  speed,  the  carriage  recedes 
from  the  rollers  at  a  speed  calculated  to  main- 
tain a  proper  tension  on  the  thread  between  tho 
delivering  rollers  and  the  spindles  in  the  car- 
riage, and  the  spindles  are  driven  at  a  uniform 
sj»eed,  for  the  purpose  of  twisting  the  roving,  as 
it  is  delivered,  into  a  hard  fine  thread  of  the 
desired  fineness  or  "  count."  The  speed  of  the 
spindles  determines,  to  a  very  great  extent,  tho 
quantity  of  yarn  that  am  be  produced  in  the 
mule,  as,  indeed,  in  the  other  spinning  frames  ; 
as  the  time  required  to  give  the  required  degree 
of  twist,  by  the  revolution  of  the  spindles, 
determines  the  rate  of  production.  The  rate  at 
which  the  carriage  recedes  is  regulated  in  the 
same  way.  The  usual  travel  of  the  carriage  is 
62  to  64  inches  at  a  stretch.  In  Parr's  mule  the 
stretch  is  64  inches,  and  this  is  the  length  of 
thread  made  at  one  stretch.  At  the  end  of  the 
stretch  the  carriage  is  stopped  by  shifting  the 
driving-belt  from  the  fast  to  the  loose  pulley  ; 
the  rollers  are  stopjxxl  at  the  same  time  by  being 
thrown  out  of  gear  tlirough  the  medium  of 
catch-boxes  ;  and  the  spindles  are  stopped  and 
reversed,  or  "  backed  off,"  by  means  of  a  friction- 
box  put  in  gear,  which  is  connected  with  the 
spindles  by  the  "rim-band."    The  next  move- 
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ment  is  to  wind  the  stretch  of  thread  upon  the 
spindle,  at  a  given  speed,  in  proportion  to  the 
increase  of  diameter  of  the  partially-formed,  cop, 
and  at  a  proj>er  tension  to  inq>art  solidity  to  the 
cop.  For  this  purjiose,  the  motion  originally 
invented  hy  Mr.  Richard  Rolwrts  is  employed  : 
the  carriHge  is  drawn  in  by  means  of  the  scroll- 
pulley,  put  in  gear  by  means  of  a  catch-box ;  a 
hand  or  ro]>e,  connected  to  the  carriage,  is 
lapped  round  the  pulley,  and  draws  the  carriage 
home  ;  then  the  catch  is  thrown  out,  and  Another 
put  in  gear  to  bike  the  carriage  out  again,  in  a 
similar  manner,  by  means  of  a  band.  The  top 
faller  is  connected  with  and  moves  on  an  inclined 
plane,  called  the  shajwr-plate,  which  guides  the 
faller,  and  causes  it  to  descend,  guiding  the 
thread  on  the  bobbin,  in  oltedience  to  the  form 
of  the  plate.  For  turning  the  spindles,  a 
drum  on  the  scroll-pulley  shaft  is  in  gear  with 
the  mcclianism  that  reverses  the  spindles  while 
the  yarn  is  backed  off ;  a  chain  is  iixed  by 
one  end  to  the  drum,  and  by  the  other  end  to  a 
radial  arm  of  the  quadrant,  describing  an  arc 
of  a  circle.  As  the  carriage  recedes,  and  with  it 
the  drum,  the  chain  is  uncoiled  from  the  drum, 
the  drum  revolves,  ami  it  turns  tho  spindles  to 
wind  on  tho  yam.  As  the  diameter  of  the  co\m 
increases,  fewer  turns  of  the  spindles  are 
required,  and  therefore  a  shorter  length  of 
chain  is  to  be  uncoiled  from  the  drum.  To  effect 
this  diminution  of  length  or  action  of  the  chain, 
its  i>oint  of  connection  with  tho  quadrant  is 
shifted  nearer  to  the  centre,  and  its  traverse  is 
therefore  reduced  in  the  same  proportion. 

Parr's  mule  is  a  good  machine,  and  is  simple 
in  construction.  The  main  driving-shaft,  being 
low,  admits  of  long  driving-band.  The  arrange- 
ment for  drawing  out  the  carriage  is  designed 
to  prevent  the  wheels  and  bands  which  draw 
out  the  carriage  from  breaking  when  unusual 
impediments  fall  in  the  way  of  the  carriage  as  its 
motion  ceases.  The  changes  are  |>ositive,  lieing 
effected  by  gearing  instead  of  frictional  appa- 
ratus. Tho  winding  on  of  the  yam  is  more 
positive  than  in  most  other  mules,  as  the  quad- 
rant is  driven  by  gearing  instead  of  bands. 

10.  Smith's  (or  Scotch)  Self-acting  Mule.— 
This  mule  is  better  known  by  the  name  of  the 
mangle-wheel  mule.  It  is  a  stripping -mule  j 
that  is  to  say,  the  coils  are  stripped  or  thrown 
off  the  spindles,  not  backed  off.  That  move- 
ment occupies  less  time  than  the  backing  off, 
but  it  acts  injuriously  on  the  yam,  breaking 
many  tlireads  by  the  severe  action  ;  and  it  is 
best  adapted  for  spinning  coarse  numbers,  from 
sixes  to  thirties.  Many  mules  on  this  plan, 
it  is  stated,  arc  spinning  as  high  as  twenty- 
fours,  running  five  stretches  per  minute.  The 
advantages  claimed  for  this  mule  are,  1st,  that 
it  am  be  driven  from  the  main  shafting,  dis- 
pensing with  countershafts :  2nd,  the  motion 
for  drawing  the  carriage  out  and  in,  and  squaring 
it,  is  positive,  being  worked  by  gearing;  the 


tin  roller  is  driven  by  two  bands,  one  at  each 
side  of  the  hcadstock :  3rd,  the  changes  are 
positive,  also  the  winding. 


CHAPTER  III. 

MACHINES    EXHIBITED    BY    MESSRS.  JOHN 
HETHKHIMiTON  AND  SONS,  MANCHESTER. 

Messrs.  Hetherington  exhibited  a  series  of 
machines  arranged  for  coarse  numl»ors,  and  a 
conibing-machine  for  fine  numbers. 

1.  Single -beater  Scutcldng  Machine.  —  The 
principal  novelty  in  this  machine  consists  in  the 
management  of  the  draught.  The  fan  employed 
for  exciting  a  cm  exhausts  the  air,  as  usual, 
from  the  interiors  of  two  perforated-zinc  cyli  nders, 
towards  which  the  current  is  jKirtially  drawn  up 
through  the  grid.  But,  inasmuch  as  this  upward 
current  opjxwes  the  free  fall  of  solid  impurities 
down  through  the  grid,  an  additional  opening 
for  air  is  made  in  the  cover  of  the  beater,  imme- 
diately over  the  feeding  rollers,  extending  the 
whole  width  of  the  machine,  protected  by  a  per- 
forated-zinc plate.  An  abundant  supply  of  air 
is  thus  obtained  to  carry  forward  the  cotton,  and 
the  draught  is  so  directed  as  to  aid  the  discharge 
of  impurities  under  the  beater,  which  is  further 
facilitated  by  the  extension  of  the  grid  in  the 
lower  ]>art  right  up  to  the  exhausting  cylinders. 
Dampen  are  bo  placed  inside  tho  cylinders 
as  to  prevent  the  draught  or  entrance  of  air 
from  the  outer  side,  next  to  the  delivery  or 
lapping-up  rollers ;  the  cotton  fleece  is  thus 
prevented  from  adhering  too  closely  to  the  cylin- 
ders after  it  has  been  collected  and  delivered 
as  a  lap  from  the  cylinders. 

2.  Carding  Engines. — Messrs.  John  Hether- 
ington &  Sons  exhibited  three  varieties  of  cards, 
fitted  with  recent  improvements  in  self-acting 
appliances  for  continuously  stripping.  In  the 
first  carding  engine,  an  American  invention,  the 
novelty  consists  in  the  application  of  two  8-inch 
rollers  under  the  take-in,  covered  by  wire  brushes. 
The  sj>eed  of  tho  lower  roller  is  subject  to  a 
regular  variation,  alternately  faster  and  slower 
at  the  circumference  than  the  main  cylinder. 
Thus  the  cylinder  is  alternately  stripped  by  tho 
roller,  and  strips  it,  several  times  in  a  minute. 
With  the  intermediate  roller,  the  cotton  brought 
forward  by  the  taker-in  roller  is  partially  carded, 
and  the  carded  portion  passes  into  the  main 
cylinder.  The  remaining  lumps  are  carried  over 
and  carded  with  the  lower  roller,  from  which  and 
from  the  intermediate  the  remainder  of  the 
cotton  Is  delivered  to  the  main  cylinder.  The 
cotton  is  thus  fed  to  the  main  cylinder  in  three 
well-opened  layers,  whilst  a  portion  of  the  im- 
purities is  separated  from  the  cotton  before  it  is 
delivered  to  the  main   cylinder.     A  similar 
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machine  was  exhibited  by  Messrs.  William 
Higgins  <fc  Sons,  and  it  will  be  further  noticed 
under  their  names. 

RivetCa  Carding  Engine. — This  card  is  a  com- 
plete self-stripping  curd,  with  a  40-inch  cylinder, 
and  dispenses  with  tin*  clearers  used  in  ordinary 
cauls.  In  these  there  are  six  rollers  and  five 
clearers,  which  arc  as  many  as  can  be  got  well  into 
a  card  with  a  40-inch  cylinder ;  but  in  Rivett'a, 
by  dispensing  with  the  clearers,  and  substituting 
combs,  nine  working  rollers,  6}  inches  diameter, 
arc  got  in,  with  a  st  ripping-comb  to  each  ;  and 
the  more  the  rollers  the  better  the  work.  The 
rollers  do  not  revolve  like  ordinary  rollers  with 
clearers,  but  they  vibrate  slowly  on  their  axles, 


advancing  against  the  cylinder  a  little  more, 
than  they  recede,  and  therefore  gradually  revol- 
ving at  a  rate  of  about  one  complete  revolution 
in  two  hours,  stripping  the  short  fibres,  neps, 
and  dirt  from  the  cylinder  ;  they  carry  over  the 
refuse  with  them  as  they  revolve,  till  they  are 
stripped  of  it,  each  roller  by  its  own  comb.  Thus 
they  always  present  a  clear  surface  to  the 
cylinder, — an  excellent  feature  in  the  process. 
The  refuse  is  delivered  from  each  roller  to  its 
successor,  and  so  accumulated  and  carried  forward 
to  the  final  or  extni  lapping  roller,  which  is  the 
tenth  of  the  series,  and  is  placed  over  the  ninth 
roller  so  as  not  to  occupy  room  on  the  cylinder. 
When  in  full  operation,  the  rollers  an*  covered 
by  a  continuous  fleece  advancing,  receding,  and 
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creeping  on  wauls.  When  the  tenth  or  lapping 
roller  is  filled,  it  is  removed  and  another  put  in 
its  stead,  and  the  place  is  kept  clean.  The 
refuse  fleece  is  of  course  suitable  for  being  re- 
carded  for  coarse  numbers. 

So  much  for  the  self-stripping  rollers.  The 
main  cylinder,  also,  is  stripped  by  a  self-acting 
process,  in  which  the  cylinder  is  reversed  and 
the  process  completed  by  the  agency  of  a  cam- 
shaft. A  motion  is  derived  from  the  feed-roller 
shaft,  to  turn  the  loose  pulley,  which  is  inge- 
niously pressed  into  the  service,  by  means  of 


which,  for  each  revolution  of  the  loose  pulley, 
a  nitchet-wheel  is  moved  one  tooth  round  ;  on 
the  face  of  the  ratchet-wheel  there  is  a  small 
sector,  with  four  bevel  teeth,  which,  when 
the  ratchet-wheel  has  completed  a  revolution, 
gear  into  and  turn  a  Ivevel-wheel  on  the  cam* 
shaft,  through  one-third  of  a  revolution,  which 
is  the  commencement  of  the  process.  This 
shaft  carries  four  cams,  one  for  throwing  the 
feed-shaft  out  of  gesu-,  which  is  always  done 
before  stripping  the  cylinder,  that  it  may  1*5 
cleared  of  cotton  ;  a  second  cam  shifts  the 
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driving  band  from  the  fast  to  the  loose  pulley  ; 
a  third  cam  places  a  bristle-brush  into  con- 
tact with  the  cylinder,  underneath,  to  clear 
it ;  the  fourth  cam  applies  a  slow  reversing 
motion  to  the  cylinder  by  means  of  a  friction- 
clip,  or  pad,  applied  to  the  surface  of  it.  When 
the  belt  has  been  shifted  by  the  action  of  the 
second  cam,  the  cylinder  continues  running, 
by  its  momentum,  until  the  ratchet-wheel  has 
made  another  revolution,  when  it  again  moves 
the  cam-shaft  which  applies  the  pad  to  the 
cylinder,  and  reverses  it  slowly  ;  the  brush, 
driven  at  a  quick  speed,  is  applied  to  and 
cleanses  the  surface  of  the  cylinder,  and  when 
the  cylinder  has  made  a  complete  revolution 
backwards  over  the  brush,  the  cam-shaft  is  again 
moved,  and  restores  the  machine  to  working 
order.  The  construction  of  this  card  shows 
ingenuity  and  novelty  of  design  ;  there  is,  never- 
theless, room  for  improvement  in  detail  and 
in  i>crformancc,  which  can  no  doubt  be  effected 
(fig.  36). 

UetheringtotCa  Self-stripping  Carding  JCngine. 
— This  card  is  40  inches  wide ;  it  has  three 
working  rollers,  two  clearcrs,  and  eight  flats; 
and  is  jiarticularly  applicable  for  medium  and 
high  numbers  of  counts,  say  above  sixties ; 
the  flats,  or  top  cards,  have  been  found  by 
ex]>crienoe  to  act  letter  on  cotton  of  good 
quality  than  any  other  form  of  wire-brush. 
Being  stationary,  they  collect  and  retain  the 
dirt  thrown  into  them  l>etter  than  rollers,  and 
they  straighten  the  fibre  more  effectually.  But 
the  chief  objection  to  flats  has  been  the  cost  of 
keeping  them  in  working  order,  as  they  very 
soon  become  choked,  and  require  to  be  frequently 
stripped  ;  and  unless  this  is  done  very  regularly, 
there  is,  as  already  remarked,  a  variation  in  the 
quantity  and  quality  of  cotton  turned  off  by 
the  doffer,  and  consequently  in  the  thickness  of 
the  sliver.  The  improvement  in  this  and  con- 
sists in  the  application  of  an  automatic  arrange- 
ment, by  means  of  which  the  flats  are  regularly 
and  effectually  stripped,  with  less  chance  of 
damage  to  the  wires  than  when  stripjied  by 
hand  labour.  The  flats  are  lifted  in  succession 
by  suitable  gearing,  and  turned  right  over  so  as 
to  present  their  inner  or  card  surface  to  a  revolv- 
ing cylindrical  brush  which  traverses  and  strijis 
the  flat ;  after  which  the  flat  is  returned  into  its 
place.  The  axle  of  the  revolving  brush  is  carried 
on  two  long  arms  centred  upon  the  cylinder-shaft, 
which  oscillate  backwards  and  forwards  suffi- 
ciently to  cause  the  brush  to  traverse  the  whole 
series  of  flats  during  each  oscillation,  and  to  strip 
them  in  succession,  one  at  a  time,  for  each 
oscillation.  The  flats  are  also  lifted  and  replaced 
by  means  of  the  brush-frame,  which,  in  moving 
one  way,  operates  with  its  slotted  extremity  upon 
a  small  crank-finger  fixed  on  one  end  of  the  flat, 
to  lift  and  turn  it  over  on  its  pivots ;  its  con- 
tinued movement  brings  a  small  rack  to  bear 
upon  and  turn  a  toothed  pinion  on  the  other 


end  of  the  flat,  by  which  it  is  reversed  and 
replaced  in  its  lied.  With  the  aid  of  a  ratchet- 
niotion,  the  brush-frame  is  adjusted  to  lift  each 
flat  in  succession.  The  fly  is  carried  over  by 
the  brush  after  each  oj>eration,  and  stripped  off 
by  a  comb,  and  dejxwited  in  a  box  at  one  end  of 
the  card,  from  which  it  is  removed  to  be  worked 
over  again  for  lower  qualities  of  yarn.  The 
deliver)'  of  the  fly  may  be  regulated  by  an 
adjustment  of  the  speed  of  the  stripping  mecha- 
nism, according  to  the  quality  of  the  cotton 
o|K>rated  upon.  This  mechanism  is  thoroughly 
effective  in  stripping  the  flats  and  keeping  them 
in  good  order. 

3.  Combing  Maddne.  —  This  cleverly  de- 
signed machine  was  invented  by  M.  Heiknann, 
of  Alsace.  Its  purpose  is  to  remove  short  staple, 
motes,  and  dirt  from  the  high-class  long  staple 
cottons,  as  Egyptian  and  Sea  Island.  The 
machine  has  six  heads,  and  is  fed  from  six  laps 
of  cotton,  each  lap  consisting  of  fourteen  slivers 
from  the  breaker  rarding-engine,  doubled  into 
a  lap,  8  inches  wide  and  12  inches  diameter. 
Each  lap  rests  upon  a  jmir  of  revolving  lap- 
rollers,  which  deliver  the  end  of  the  lap  down 
an  inclined  surface  guiding  it  to  a  pair  of 
feeding- rollers, — the  lower  roller  of  steel,  fluted, 
the  upper  one  covered  with  flannel  and  leather 
in  the  usual  way.  These  rollers  move  and  stop 
alternately,  about  sixty  times  j>er  minute,  sup- 
plying the  cotton  by  intermittent  feeds.  The 
cotton  is  delivered  by  the  rollers  between  the 
open  jaws  of  an  iron  nipper,  which  seizes  a 
portion  of  the  cotton,  and  being  moved  by  means 
of  a  cam,  carries  it  near  to  the  revolving  comb- 
cylinder,  which  has  seventeen  combs  ranged  on 
one  juirt  of  its  circumference.  The  combs  are 
passed  through  the  cotton,  so  as  to  remove  all  short 
or  broken  fibres  and  impurities,  and  lay  the  long 
fibres  straight  and  parallel.  The  nipjxjr  is  then 
withdrawn  from  the  cylinder,  and  its  jaws  are 
ojiened  to  release  the  partially-combed  fibres*, 
which  ere  then  drawn  or  separated  from  the 
fleece  by  means  of  a  leather-covered  roller,  which 
works  for  the  purpose  in  contact  with  a  fluted 
segment  on  the  unoccupied  part  of  the  revolving 
cylinder,  and  with  a  fluted  steel  detaclung  roller. 
As  the  fibres  are  drawn  apart,  the  uncombed  ends 
of  the  sej»arated  fibres — namely,  the  ends  which 
were  held  by  the  nipper — are  passed  between 
the  teeth  of  a  fine  top  comb,  and  the  combing  of 
them  is  thus  completed.  The  rollers  are  next 
reversed,  and  carry  the  newly  combed  fringe  of 
fibres  to  l>e  overlapj>ed  \q>on  and  pieced  to  the 
combed  sliver  which  is  in  advance.  A  continuous 
sliver  is  thus  delivered  at  the  front  of  the 
machine,  where  all  the  Bix  slivers  are  united 
through  the  drawing  head.  The  speed  of  the 
revolving  cylinder  is  sixty  revolutions  per 
minute.  The  machine  can  deliver  1201b.  of 
cotton  per  week  for  two  hundred  and  fifties 
count,  or  1801b.  per  week  for  one  hundred  and 
twenties. 
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4.  Drawing  Frame, — Thin  machine  has  one 
head,  with  four  deliveries,  of  four  lines  of 
rollers.  It  is  well  arranged,  and  is  fitted  with 
stopping  motions  for  front  and  back.  It  is  fitted 
also  with  an  eccentric  motion  and  hand  lever, 
forrelievingtherollers  from  thedead weights  upon 
them  while  the  machine  is  not  at  work.  This 
is  an  important  provision,  and  it  is  worthy  of 
general  adoption,  as  the  dead  weights  hanging 
for  long  periods  are  likely  to  flatten  the  top 
rollers,  which  are  covered  with  woollen  and 
leather.  When  such  is  the  case  the  leather  is 
liable  to  be  cut  by  the  bottom  rollers,  and  im- 
perfect drawing  is  the  result 

5.  Slabbing  Frame.  —  This  frame  is  of  the 
construction.    To  cheapen  the  lalsmr  of 

Pio.  37. 


attending  to  the  frame,  it  is  lowered  four  inches 
by  reversing  the  bottom  rail  which  carries  the 
spindles,  and  is  thus  placed  within  the  reach 
of  smaller  and  younger  girls.  The  cones  for 
driving  the  differential  motion  are  made  larger 
than  usual,  thus  reducing  the  liability  to  slip, 
and  increasing  the  certainty  of  action.  The 


driving- shaft  is  made  of  steel. 


cnn- 


6.  Boring  Frame.  —  This  machine  is 
structed  similarly  to  the  stubbing  frame. 

7.  Throstle  Frame.  —  The  principal  novelty 
in  this  machine  is  the  duplicate  tin  cylinder  for 
driving  the  spindles.  Instead  of  ono  cylinder 
placed  in  the  centre,  with  th  iving-lmnds  right 
and  left  to  the  spindles,  two  cylinders  are  ranged 
side   by  side,   and  each  cylinder  drives  the 
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spindles  farthest  from  it ;  thus  a  longer  lumd  is 
obtained  than  with  one  cylinder,  which  reduces 
the  liability  to  slip,  and  gives  more  nearly 
I»ositive  driving.  The  bands  also  work  parallel 
to  the  driving- wharves  on  the  spindles;  they  may 
be  worked  less  tightly,  and  with  less  tear  and 
wear,  which  is  a  considerable  item  of  expense. 
This  system  is  highly  approved,  and  is  exten- 
sively in  use. 

8.  Hetherington  &  Hobertson'a  Self-acting 
Mute, — This  mule  comprises  some  new  and  good 


features.  The  motions  are  positive,  the  tin-roller 
shaft  being  driven  direct  from  the  intermediate 
shaft  through  the  medium  of  a  swinging-frame 
to  direct  the  driving-belt.  Thus  the  tin  roller 
becomes  the  main  driver  when  the  carriage  is 
coming  out  It  drives,  first,  the  carnage,  by 
means  of  a  train  of  wheels,  with  a  rack  and 
pinion  to  run  it  out;  secondly,  the  drawing- 
rollers,  by  a  second  train  of  wheels  branching 
from  the  first  train.  Rim  bands  and  other 
intermediate  modes  of  driving  are  by  this  means 
dispensed  with,  perfect  regularity  of  twist  is 
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ensured,  with  a  maximum  production  at  a  given 
velocity  of  spindle :  the  spindle*  being  driven  by 
cords  from  the  tin  roller.  The  motion  of  the 
cam-shaft  is  positive,  and  all  its  connections 
being  on  the  carriage,  the  changes  follow  each 
other  wherever  the  carriage  may  be  on  the 
stretch.  When  changing  at  the  roller-beam, 
the  change  by  which  the  inward  run  of  the 
carriage  is  stopped,  is  effected  by  the  motion  of 
the  carriage  in  the  usual  manner  ;  but  the  cam- 
sliaft  is  not  permitted  to  complete  the  change 
until  the  faller  lias  been  raised.  Thus  the  win- 
der may  stop  the  mule  at  the  roller-beam,  at  any 
of  the  carriage,  by  simply  preventing  the 
r  from  rising.  The  outward  and  inward 
motion-clutches  are  changed  by  means  of  one 
spring,  so  that  their  functions  cannot  interfere 
with  each  other. 

The  backing-off  movement  is  effected  directly, 
without  the  intervention  of  1  winds,  by  means  of 
a  loose  pulley,  with  toothed  and  friction  gear,  to 
reverse  the  tin  roller  and  spindles.  It  is,  there- 
fore, done  more  promptly,  and  with  less  power 
than  where  the  usual  intermediate  connections 
require  to  be  reversed  : — almost  as  quickly  as, 
and  much  more  easily  than,  stripping. 

The  motion  of  the  quadrant  and  that  of  the 
carriage  are  ]x>sitive  to  each  other,  as  they  are 
both  geared  with  the  same  shaft,  by  two  toothed 
pinions :  one  with  the  quadrant ;  the  other, 
already  referred  to,  with  the  rack  on  the  head- 
stock.  A  constant  degree  of  tension  upon  the 
yarns  is  thus  insured  on  the  starting  of  the  car- 
riage for  every  stretch,  and  the  winding-on  is 
definite.  The  drawing-rollers  are  positively  con- 
nected with  the  carriage,  by  means  of  bevil  gear 
on  a  slotted  shaft :  thus,  they  stop  and  start 
without  shock,  and  simultaneously  with  the 
motion  of  the  carriage. 

The  raising  of  the  fallers  at  the  faun  is  a 
critical  operation,  inasmuch  as,  if  they  be  raised 
too  soon,  the  yarn  "  snarls  "  or  curls  ;  if  raised 
too  late,  the  yarn  "snicks"  or  breaks — a  fre- 
quent source  of  annoyance.  In  Hetherington 
«fc  Robertson's  mule  this  kind  of  uncertainty  is 
removed,  as  the  starting  of  the  carriage  Is  de- 
pendent on  the  rising  of  the  faller,  and  thus  the 
yarn  may  fa  kept  at  full  tension  by  the  faller- 
wire  up  till  the  moment  the  carriage  logins  to 
run  out  (fig.  .17). 


CHAPTER  IV. 

MACHINES    EXHIBITED    BY    MESSRS.     PL  ATT 
BROTHERS  AND  CO.,  OLDHAM. 

Messrs.  Piatt  Brothers  k  Co.  exhibited,  as 
in  18.r»l,  a  complete  series  of  cotton  preparing 
and  spinning  machinery  in  motion. 

1.  Piatt  <£r  Riclutrd&ona  Gins — TJie  Churka 
Gin. — The  unproved  ohurka  gin  is  composed 
of  two  rollers,  the  lower  of  which  is  covered 


with  hard  wood,  1  i  inches  diameter ;  the  upper 
roller  is  of  steel,  A  inch  diameter,  with  a  finely 
AxiUkX  surface.  Tne  rollers  work  in  contact,  and 
are  coupled  by  gearing,  so  that  their  circum- 
ferences travel  at  the  same  rate.  The  gin  cleans 
all  kinds  of  staple  from  hard  seeds,  one  of  the 
rollers  being  so  small  as  to  prevent  the  passage 
of  the  smallest  seed.  The  fibre  as  it  is  separated 
is  drawn  through  the  rollers  and  delivered ;  the 
seeds  drop  through  the  grid  in  front  of  the  rollers. 

The  improved  churka  gin  exhibited,  comprises 
some  novelties,  in  which  the  rollers  are  held  in 
contact  by  means  of  weighted  levers,  and  are 
prevented  from  lapping  the  cotton.  They  are 
supplied  with  seed-cotton  by  a  travelling  lattice, 
which  delivers  it  to  a  preliminary  series  of  three 
spiked  rollers,  the  first  of  which,  revolving  over 
the  lattice  at  the  same  superficial  speed,  holds 
the  cotton  ;  the  second  travels  much  faster,  and 
seues  the  cotton ;  whilst  the  third,  moving 
at  a  lower  speed,  prevents  the  second  roller 
from  carrying  cotton  in  pieces  on  its  surface. 
The  cotton  is  stripped  from  the  second  roller  and 
conducted  to  the  churka  rollers  by  means  of  a 
comb  which  vibrates  on  an  axis  at  the  back, 
and,  seizing  the  cotton,  which  becomes  loosened 
in  the  process,  passes  it  to  the  churka  rollers. 
The  upper  or  steel  roller  is  cleared  by  means  of 
a  steel  knife  fixed  over  it,  and  a  leather-covered 
roller  in  contact  with  the  lower  or  wooden 
roller :  this  roller  is  prevented  from  wrapping  by 
a  fan  roller  revolving  under  it.  This  gin  is 
said  to  be  capable  of  sejmrating  from  hard  seed 
alnnit  100  lb.  of  clean  cotton  per  day. 

TheMacartfiy  Gin. — The  original  Macarthy  gin 
consists  of  a  roller  covered  with  leather,  about 
five  inches  in  diameter,  having  a  number  of 
small  spiral  grooves  cut  in  its  surface,  and  nuk- 
ing about  110  revolutions  per  minute.  Facing 
the  roller,  is  placed  a  thin  steel  plate,  bearing 
against  it  with  a  slight  pressure,  and  the  sccd- 
cotton,  placed  on  a  wire  grid,  is  pushed  by  hand 
against  the  face  of  the  roller.  The  roller,  by 
means  of  the  spiral  grooves,  and  the  adhesiveness 
of  the  leather,  seizes  and  draws  the  fibres  under 
the  steel  plate,  until  the  seeds  come  into  contact 
with  its  edge,  when  a  vibrating  knife  on  the 
back  of  the  plate  ascends,  and,  jwissing  the  edge 
of  the  plate,  pushes  off*  the  seed,  and  sets  free 
the  fibre,  which  travels  with  the  roller,  and  is 
delivered  over  a  rod  in  front  of  it  uj»on  the 
floor.  This  gin  is  still  preferred  when  worked 
by  native  labour,  as  in  Egypt  and  Turkey.  The 
intenqiaces  of  the  grid  should  be  made  to  the 
size  of  the  seed  being  cleaned  :  if  too  wide,  the 
seeds  drop  through  before  they  are  completely 
cleaned.  The  gin,  as  made  by  the  exhibitors, 
produces  30  lb.  j>er  horn*  of  clean  cotton,  Smyrna 
or  Indian  ;  or  40  lb.  per  hour  of  Egyptian  or 
American. 

Piatt  «fc  Richardson's  improvement  in  the 
Macarthy  gin,  for  hand  power,  consists  in 
working  two  knives  from  a  double  crank,  which 
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balance  each  other,  and  make  two  strokes 
for  each  revolution  of  the  crank,  thereby 
doubling  the  production.  This  gin,  12  inches 
wide,  will  produce  81b.  per  hour  of  clean  cotton, 
Smyrna  or  Indian  ;  or  12  lb.  per  hour  of  Eg}'|>- 
tian  or  American  (tigs.  38). 

2.  Opening  and  Cotton-cleaning  Mi adiine.  — Tl  lis 
machine  Is  recommended  and  used  for  cottons  of 
short  and  middling  staple.  It  comprises  an  end- 
less lattice,  upon  which  cotton  is  spread,  and  an 
iron  roller  with  ribs  on  its  surface,  which  toge- 

Fio». 


I'  i-i  i  i  h  Jtixudfteitr  liaeartky  Gin,  SinifU 
&■*>/',  for  Porrr. 

Platt  &  RictuBDsos's  Micaitut  Giss, 

disengaged  by  the  action  of  the  cylinders  to  pass 
through  to  the  floor.  The  remaining  part  of  the 
under  casing  Ls  made  from  a  jH-rforatod  sheet  of 
metal,  which  allows  the  dust  to  escape  through 
whilst  the  cotton  is  passing  over  it. 

The  first  of  these  cylinders  strike*  the  cotton 
from  the  feed-rollers,  passes  it  over  the  circular 
grid  and  perforated  plate,  and  delivers  it  to  the 
second  cylinder,  from  which  it  receives  a  blow 
equal  to  the  combined  velocity  of  the  two  cylin- 
ders ;  it  is  passed  on,  and  struck  by  the  third 
and  fourth  cylinders,  so  that  the  action  is  re- 
prated  three  times  with  the  four  cylinders,  each 
making  a  deposit  through  its  respective  grid  and 


ther  convey  the  cotton  to  a  pair  of  Anted  feed- 
rollers.  It  is  delivered  by  them  to  the  first  of  a 
series  of  four  cylinders,  which  is  furnished  with 
twelve  rows  of  teeth  ;  the  second,  third,  and 
fourth  cylinders  having  only  four  rows  of  teeth. 
These  cylinders  revolve  in  the  same  direction,  in 
bearings  supported  by  a  horizontal  framing,  at  a 
speed  of  about  1,000  revolutions  j>er  minute. 
They  are  all  cased  on  the  upper  side  with  sheet 
iron,  the  first  |>art  of  the  under  side  of  each  Ls 
cased  by  angular  ban  with  spaces  betwixt  them, 
forming  a  circular  grid,  which  allows  the  dirt 
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)2-i»rk  IfanJfrtJrr  ifumrtny  Gin,  Donlle  Knife, 
to  H'ork  6jr  Hand. 

lij  Mrar*.  Platt  Brothers  &  Co.,  Oldham. 

perforated  plate.  As  the  light  fibre  alone  offers 
any  resistance  to  the  (puck  Mows  of  these  cylin- 
ders, it  is  inponiblc  it  should  receive  any  injury 
in  this  operation. 

The  last  or  fourth  cylinder  drives  the  cotton 
over  a  straight  grid  to  the  back  of  two  win) 
cylinders,  when  it  is  collected  and  afterwards 
Stripped  by  two  iron  rollers,  which  cany  it  to 
an  elevating  lattice,  by  which  it  is  deposited 
in  a  box  furnished  with  two  steam  pipes  and 
a  pair  of  rollers,  to  be  saturated  with  steam  before 
it  falls  on  the  floor.  This  process  is  especially 
adapted  and  required  for  cottons  from  India 
and  Egypt,  and  for  other  cottons  having  a  hard 
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curly  fibre.  It  softens  the  gum,  and 
allows  it  and  the  remaining  impurities 
to  be  sejiarated  more  easily  by  the 
scutcher,  leaving  the  fibre  soft  and 
straight. 

The  two  wire  cylinders  are  ex- 
hausted by  a  fan,  which  collects  the 
dust  within  the  casing  of  the  macliine 
and  force*  it  into  any  place  provided 
for  its  reception  :  thus  keeping  the 
rooms  where  these  machines  are  in 
operation  perfectly  free  from  dust. 
(Plate  VII.) 

3.  SatlcJung  and  Lnpping  MtuMfm. 
— The  machines  are  supplied  with  cot- 
ton from  the  opener  in  a  uniform  fleece 
by  two  methods :  one,  by  dividing  a 
feeding-lattice  into  a  numl>er  of  equal 
]>artH,  and  spreading  uniformly  upon 
each  j>art  a  given  weight  of  cotton  to 
present  to  the  feed-rollers  ;  by  the  other 
method,  the  lattice  and  feed-rollers  of  the 
scutcher  are  driven  at  varying  s]>eeds  in 
proportion  to  the  thickness  of  cotton 
supplied  ;  the  s|>eed  being  regulated  by 
the  rise  and  fall  of  the  top  feed-roller 
multiplied  by  levers,  on  Lord's  system, 
so  as  to  guide  a  strap  communicating 
motion  to  the  lattice  and  feed-rollers,  from 
a  conical  pulley  revolving  at  a  uniform 
rate  to  a  second  conical  pulley.  These 
pulleys  are  on  ]>arallel  vertical  axes  at- 
tached to  the  sides  of  the  feeder.  Thus, 
when  the  feed-roller  rises,  its  sjieeil  is 
diminished  ;  when  it  falls,  the  s|>eed  is 
increased,  and  a  nearly  uniform  supply 
of  cotton  is  presented  to  the  first  clean- 
ing cylinder,  which  is  furnished  with 
twelve  rows  of  teeth,  that  in  revolving 
strike  the  cotton  and  pass  it  over  a 
circular  grid  to  a  revolving  beater  with 
three  blades,  which  then  passes  it  over 
a  second  circular  grid  and  a  straight 
grid  to  a  pair  of  wire  dust-cylinders 
that  are  exhausted  by  a  fan.  The  cot- 
ton Is  then  stripped  from  these  dust- 
cylinders  by  a  pair  of  iron  rollers,  and 
passed  through  a  second  set  of  two 
pairs  of  feed-rollers,  which  revolve  more 
quickly  than  the  first,  thereby  deliver- 
ing a  thinner  fleece  to  the  second  lieater, 
which  again  passes  it  over  a  circular 
and  straight  grid  to  two  other  wire  dust- 
cylinders,  which  are  stripj)ed  by  rollers 
as  before.  Tlus  latter  j>air  of  cylinders 
and  rollers  travel  at  three  times  the 
speed  of  the  feeder,  so  that  they  deliver 
a  fleece  one-third  the  thickness  first  sup- 
plied to  the  machine. 

The  next  operation  is  to  form  the 
cotton  into  a  large  roll  or  lap ;  this  is 
done  by  the  lap-niaehine  attached  to  the 
scutcher,  forming  with  it  one  machine. 
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The  rollers  which  strip  the  last  dust-cylinder 
deliver  the  fleece  to  a  set  of  four  calender  rollers 
placed  over  each  other,  so  that  the  cotton  in 
passing  through  them  receives  three  compres- 
sions, which  form  the  fleece  into  a  kind  of  felt. 
Three  of  these  calenders  have  their  surfaces  kept 
clean  by  bars  of  iron  covered  with  flannel,  which 
arc  pressed  in  contact  with  them.  The  cotton 
then  passes  over  one  of  two  large  fluted  rollers 
which  revolves  in  the  same  direction,  and  under 
a  smaller  plain  roller  which  is  above  the  fluted 
roller,  and  receives  its  motion  from  it  by  contact 
through  the  fleece ;  this  small  roller  also  cleans 
the  second  calender  roller  by  running  against  it 
in  a  contrary  direction  with  a  slight  pressure : 
it  also  breaks  the  fleece  when  the  lap  is  formed. 

The  fleece  is  now  wound  upon  a  light  wooden 
bobbin  placed  in  the  channel  between  the  two 
fluted  rollers,  when  a  third  roller  carried  by 
racks  at  each  end,  on  Knowlea's  patent,  presses 
on  and  rises  as  the  lap  is  wound.  By  the  com- 
bined action  of  the  three  rollers  a  much  harder 
lap  is  produced. 

Finishing  SctUcher. — The  same  in  arrangement 
as  the  opening  machine,  with  an  additional  provi- 
sion for  placing  three  of  the  laps  made  by  the 
other  machine  upon  it,  which  are  unrolled  toge- 
ther on  the  travelling  lattice  for  the  sake  of  the 
uniformity  of  fleece  (fig.  39). 

The  process  of  double  carding  is  exhibited — 
that  is  to  say,  the  carding  of  the  cotton  in  two 
carding-engines  successively :  the  first  a  breaker, 
the  second  a  finisher  carding-engine,  with  the 
intermediate  process  of  doubling.  Double  curd 
ing  Is  generally  employed  for  the  finest  quality 
of  yarns.  It  is  recommended  for  all  numbers 
above  fifties,  when  first-class  yarns  are  to  Imj  pro- 
duced ;  but  for  middling  or  ordinary  yarns,  below 
forties,  single  carding  is  generally  practised. 

4.  Breaker  Carding  Engines. — Two  breaker- 
cards  are  exhibited.  One  of  them  has,  besides 
the  taker-in,  three  self-stripping  "dirt  rollers" 
(Adshead's  patent),  with  four  rollers  and  four 
clearers  ;  the  other  has  two  "  dirt  rollers,"  with 
five  rollers  and  four  clearers.  The  dirt-rollers 
work  at  a  very  low  speed,  and  they  aid  in  straight- 
ening the  fibres  as  well  as  in  intercepting  the 
motes ;  they  are  stripped  by  a  knife  or  comb, 
one  to  each  roller.  They  are  well  applied  in 
these  machines,  for  making  good  work,  and  are 
worthy  of  being  generally  adopted.  The  cylin- 
ders are  stripj>ed  by  means  of  a  brush,  by  which 
the  wires  are  not  so  liable  to  1m»  disturbed  an 
when  the  hand -ami  is  used  (fig.  40,  page  58). 

5.  Lap  -  doubUr.  —  A  machine  called  the 
"  Derby -doubler"  was  exhibited,  the  object  of 
which  is  to  receive  the  slivers  delivered  from  the 
breaker-card,  to  lay  them  side  by  side,  and  form 
a  fleece,  and  coil  them  into  a  lap  to  supply  the 
finisher-card.  Two  rows  of  tin  cans,  thirty-two 
in  all,  containing  the  slivers,  are  ranged  on  each 
side  of  the  feeding- table.  The  slivers  are  passed 
through  two  pairs  of  calender  rollers  and  deli- 


vered on  the  table,  from  which  they  are  received 
by  another  pair  of  calender  rollers  at  the  end  of 
the  table — -thus  undergoing  a  repeated  com- 
pression ;  and  they  are  wound  on  a  wooden 
bobbin  in  the  same  manner  as  the  fleece  from 
the  scutcher,  forming  a  sliver-lap  about  13 
inches  long.  Three  of  these  laps  placed  end 
to  end  form  a  complete  lap  for  the  finisher-card, 
which  is  40  inches  wide.  The  doubler  is  fitted 
with  Btop  motions,  to  act  when  the  lap -roller 
is  filled,  or  when  a  sliver  breaks  or  runs  out 
By  this  means  missing  slivers  or  "  singles"  are 
prevented,  and  the  fleece  is  delivered  in  a  uni- 
form condition. 

6.  Finislier  Card. — This  machine  continues 
the  operation  of  combing  and  cleaning  com- 
menced by  the  breaker.  Two  such  cards  were 
exhibited,  40  inches  wide  on  the  wire,  40  J  inches 
diameter,  with  a  9-inch  taker-in,  50  revolving 
flats  on  Leigh's  system,  and  an  18-inch  doffer. 
For  the  finer  qualities  of  cotton  of  high  counts, 
this  engino  is  used  at  once  as  a  breaker  and 
finisher.  For  the  finest  qualities,  it  is  used  as  a 
breaker  card  for  cotton  intended  to  be  after- 
wards submitted  to  the  combing  machine. 

The  flats  are  of  iron,  placed  in  an  endless 
train  to  form  a  lattice ;  they  cover  a  portion  of 
tho  main  cylinder,  and  slide  on  a  concentric 
path  on  each  side  of  the  frame,  with  a  slow 
motion.  The  flats  which  are  not  engaged  are 
turned  back  over  plain  slijM  on  each  aide  of  the 
cylinder,  to  support  them  whilst  their  faces  are 
being  ground  and  sharpened  by  a  traversing 
disc  covered  with  emery.  By  a  similar  appa- 
ratus the  main  cylinder  and  the  doffer  are  ground 
up.  As  the  flats  emerge  out  of  contact  with  the 
cylinder,  tho  impurities  separated  are  stripped 
by  a  vibrating  comb,  and  they  fall  into  a  re- 
ceptacle. The  finisher-card  exhibited  turns  out 
less  than  100  lb.  of  cotton  per  week,  for  hun- 
dreds yarn.  But  it  would  turn  out  GOO  lb.  per 
week  for  thirties  yarn,  after  liaving  been  passed 
through  the  breaker-card  (tig.  41,  page  59). 

Coarse  Carding  Engine. — 40  inches  on  wire, 
45$  inches  diameter  of  cylinder,  patent  feeder, 
taker-in  9  inches  diameter,  fancy  roller  9  inches 
diameter,  stripper  over  fancy  roller  7  inches  dia- 
meter, roller  in  connection  with  ditto  7  inches  j 
five  working  rollers  6  inches  diameter,  five 
clearers  3+  inches  diameter,  doffer  22  inches 
diameter,  fly  stripping  comb,  and  coiling  motion. 
(Plate  VIII.) 

The  novel  feature  in  this  carding  engine  con- 
sists of  a  fancy  roller,  supported  by  suitable 
bearings  on  the  framing,  betwixt  the  taker-in 
and  the  main  cylinder,  which,  revolving  at  a 
higher  surface  velocity  than  the  cylinder,  takes 
the  cotton  from  the  taker-in  to  the  7 -inch 
Btripper  (brushing  the  cylinder  in  its  course), 
which  again  delivers  it  to  the  main  cylinder  to 
complete  the  carding  operation. 

This  engine  will  card  about  1000  lb.  per  week 
for  coarse  numbers  of  yarn. 
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7.  Drawing  Fram«. — This  frame  has  three 
heads  of  three  deliveries  each,  four  rows  of 
rollers,  the  front  row  being  of  Bessemer  steel, 
the  Wok  row  coarse-fluted ;  Leigh's  top  rollei-s 


to  the  front  row,  and  coarse-fluted  top  rollers 
to  the  back  row  ;  flats  with  endless  traversing 
cloth  ;  front  and  back  stop  motions,  coders,  and 
revolving-can  motions.    The  traversing  flats  are 


superior  appliances  to  supersede  the  stationary 
top  clearer  or  flat,  which  is  simply  a  flat  piece 
of  wood  lined  with  flannel  laid  over  the  top 
rollers  to  clear  them  of  dust  and  short  fibres 
that  leave  the  (divers  when  drawn  through  the 


rollers.  The  traversing  flat  is  hinged  at  the  l>ack, 
and  carries  a  pair  of  rollers  or  guides,  upon  which 
the  endless  cloth  revolves.  The  cloth  traverses 
with  the  top  rollers  on  which  it  rests,  and  pos- 
sesses the  advantage  of  collecting  the  dust  and 
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fly  over  its  extended  surface  instead  of  in  one  power,  oil,  roller-leather,  and  attendance.  The 

place,  as  with  the  stationary  flannel,  and  the  "  flat  traversing  flat  is  a  good  contrivance,  and  is 

waste"  is  not  carried  over  by  the  sliver;  there  worthy  of  general  adoption.    (Flate  IX.) 
is  also  less  friction  Utween  the  flannel  and  the 

top  rollers,  which  reduces  the  electrical  exci-        8.  Stubbing   Frame.  —  This  frame  has  42 

tation  of  the  sliver,  and  its  liability  to  lap  on  spindles,  three  rows  of  rollers  with  I^eigh's  top 
the  top  rollers;  there  is  therefore  also  a  saving  of  |  rollers  to  the  front  row;  the  back  rows,  top 


and  bottom,  coarse-fluted.  Double  centrifugal 
pressers,  for  bobbins,  10  inches  lift  and  5  inches 
diameter,  with  stop  motions,  indicator,  ami 
traversing  flats.    (Plate  X.) 

9.  Intermediate  Fra  me.  — This  frame  is  mounted 
like  the  alubbing- frame,  for  60  spindles,  and 


bobbins  fl  inches  lift  by  4  J  inches  diameter,  with 
iron  creels. 

10.  Roving  Frame. — This  frame  is  mounted 
like  the  intermediate  frame,  for  84  spindles,  and 
bobbins  7  inches  lift  and  3|  inches  diameter. 

The  novelties  introduced  in  the  last  three 
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machines  are,  Bessemer'*  steel  roller,  and  Leigh's  '  plete  casings  of  the  working  parts,  the  conve- 
fnmt  top  rollers  with  revolving  houses ;  and  the  i  nient  adaptation  of  the  setting-on  and  knock- 
traversing  flats,  placed  on  hinges,  as  in  the  ing-off  rods,  and  their  lubricating  arrangement*, 
drawing-frame.    They  arc  excellent  in  the  com-  |  (Plato  XI.,  and  tig.  42.) 


I 

o 


11.  Throstle. — It  has  152  spindles  2  inches 
lift,  three  rows  of  rollers,  Leigh's  front  top 
rollers  —  the  middle  and  back  rollers  self- 
weighted;  lifting  rails,  and  top  and  bottom 
oiling  plates.  The  oiling  plates  are  for  covering 
the  bottom  and  top  spindle  -rails ;  they  can  be 


lifted  by  racks  to  allow  the  attendant  to  oil  all 
the  spindles  without  interruption.  The  iron 
creel-plate  is  fitted  with  steel  pegs  as  pivots  for 
the  tin  tubes  of  the  roving  bobbins.  Different 
counts  of  yam  may  l>e  spun  on  the  opposite 
sides  at  the  same  time. 
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12.  Self-acting  Aftde.—  This  mule  has  f»48 
spindles  at  lj|  inches' distance,  lGJ-inch  spindles, 
three  rows  of  rollers  for  two  threads  to  cjicIi 
boas,  Leigh's  front  top  roller,  .spindles  driven 


4 

i 


ing  the  headntock  or  j)rinci|ml  framing,  the  iron 
rail*  on  which  the  carriage  traverses,  and  the 
copping  and  taking  in  motions, — thus  entirely 


by  tin  rollers,  plate  footsteps  and  bolsters,  iron 
creels  for  single  roving,  back  shafts.  It  is  driven 
direct  from  the  main  shaft. 

Foundation-plates  are  introduced  for  support- 


preventing  any  derangement  arising  from  de- 
flection or  from  weak  floors.  The  machine 
excels  in  solid  and  well  -  iittcd  connections, 
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and  the  arrangement  and  fixing  of  the  foim-  more  nearly  positive  driving  and  more  regular 
dationsof  this  mule  arc  very  sujRTior.   To  obtain     twist  in  tin-  yam,  the  rim  or  twist  band  i- 

I 


doubled  (called  "  double-banding"),  by  pawing  twist  pulleys  for  (hiving  the  spindles.  As  the 
the  band  twice  round  the  rim  and  all  the  other     double  length  of  band  has  more  elasticity  than 
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the  single  length,  it  is  more  nearly  uniform  in 
tension,  and  may  therefore  be  worked  more 
slackly,  and  with  less  wear  and  tear.  There  is 
an  improved  arrangement  for  driving  the  cam- 
shaft by  gearing  instead  of  by  friction,  making 
the  motion  positive,  and  causing  a  more  certain 
and  noiseless  action  of  the  changes.  The  copping 
and  faller- locking  motions  are  simple ;  with 
double  copping  plates  the  copping  rail  may  Iks 
taken  out  in  any  stage  of  the  cop's  progress 
without  disturbing  the  other  parts.  Piatt  «fc 
Buckley's  governor  or  cop-regulator  is  applied 
for  adapting  the  winding-on  motion  to  the  for- 
mation of  the  cop,  and  is  |>erfectlv  automatic 
(tigs.  43,  44). 

Messrs.  Piatt  Brothers  <fc  Co.  have,  since  the 
Exhibition,  introduce*!  anothermule(PlateXlI.), 
in  which  the  bands  of  the  drawing-out  motion 
are  fastened  to  the  pulleys  or  scrolls  on  the 
drawing-out  shaft,  by  which  the  starting  of  the 
carriage  is  ensured  to  take  place  as  soon  as  the 
drawing-out  motion  is  put  in  ojieration.  The 
mechanism  is  so  arranged  that  should  any 
impediment  be  offered  to  the  running  out  of  the 
carriage  it  would  disengage  itself  without  injur)' ; 
whilst  it  is  jwsitivo  in  action.  Secondly,  the 
scroll-bands  are  directly  connected  to  the  carriage 
by  clastic  fastenings,  which  prevent  undue  strain 
on  the  bands  by  sudden  action,  and  communi- 
cate to  the  carriage  a  soft  delicate  motion  at 
skirting.  The.se  bands  iuaj  attached  on  each 
sifle  of  tho  square  of  the  carriage  ;  and  the  prin- 
cipal resistance  to  the  taking-in  movement, — 
namely,  the  turning  of  the  spindles  by  the  quad- 
rant, or  the  winding-on  chain, — being  situated 
between  them,  there  is  not  any  tendency  in  the 
csirriage  to  move  endwise  ;  Jind  lateral  friction 
lietween  the  flanges  of  the  carriage- wheels  anil 
the  rails  is  thus  prevented.  The  scroll  shaft  is 
ho  arranged  that  it  may  be  taken  out  entire. 
Thirdly,  a  simple  mechanism  is  applied  for 
giving  the  change  when  the  faller  has  locked, 
which  prevents  the  carriage  going  in  should  it 
fail  to  be  taken  hold  of  by  the  holding-out  catch 
when  tho  drawing-out  motion  is  disengaged. 
Fourthly,  an  arrangement  of  the  backing-otf  and 
locking  motions,  so  that  the  spindles  are  stop|>cd 
simultaneously  with  the  locking  of  the  faller ; 
which  prevents  the  spindles  from  throwing  the 
yarn  off  the  "  nose"  of  the  cop,  and  admits  of  as 
good  a  nose  at  the  finish  as  at  any  other  part  of 
the  set.  Fifthly,  the  connection  of  the  holding- 
out  catch  with  the  lever  for  putting  the  taking-in 
catches  in  gear,  so  that  the  aim -shaft  disengages 
the  holding-out  catch  immediately  before  en- 
gaging the  taking-in  catch,  thus  preventing  the 
confusion  and  breakage  which  might  arise  if 
two  opposing  catches  were  in  gear  at  the  same 
time.  Sixthly,  an  arrangement  to  regulate  the 
time  for  shifting  tho  driving  strap  to  the  fast 
pulley,  either  simultaneously  with  the  change 
of  the  cam-shaft  for  engaging  the  drawing- 
out  motion,  or  before  it  takes  place ;  and  thus 
to  lose  no  time  in  starting   the  spindles. 


Seventhly,  a  similar  contrivance,  adjustable 
whilst  the  machine  is  in  motion,  for  starting  the 
rollers  simultaneously  with,  or  later  tlian,  tho 
drawing-out  motion. 

The  frame  is  generally  constructed  and  adapted 
to  form  a  casing  for  the  working  parts.  The 
frame  of  the  headstock  is  made  in  five  castings 
— tin-  top,  the  back,  the  tail  end,  and  the  two 
sides,  —  by  which  great  stability  is  attained 
with  more  room  for  the  working  parts.  The 
sides  which  connect  the  tail  end  to  the  back 
part  are  canned  under  the  fallers,  by  which  the 
piecer  is  enabled  to  sec  the  threads  from  end  to 
end  of  the  machine.  The  adjustable  parts  are 
convenient  for  setting,  and  the  changes  are 
easily  made  when  required  for  spinning  various 
numbers  of  yarns.  The  diagonal!  rods  for  bind- 
ing the  C&rri&ge  are  placed  through  the  middle 
of  it,  instead  of  underneath,  so  removing  any 
tendency  to  buckle  or  lift  the  carriage  off  the 
middle  slips  or  rails. 


CHAPTER  V. 

MACHINES  EXHIBITED  BY  MR.  JOHN  MASON, 
ROCHDALE. 

Mr.  Mason  exhibited  an  entire  set  of  machines 
for  preparing  and  spinning  cotton. 

1.  ScutcJter  and  Lap-Machine. — The  cotton 
is  feil  by  a  travelling  lattice,  the  heater  has 
three  blades,  the  grate  or  grid  is  carried  forward 
from  the  beater  to  the  "  cages"  or  draught 
cylinders  ;  the  fleece  is  felted  bv  calender  rollers, 
and  the  lapping  part  has  a  self-acting  motion  to 
stop  when  the  lap  is  completed. 

2.  Carding  Engine. — This  engine  is  mounted 
with  six  rollers  and  three  clearers,  and  has,  in 
addition,  a  M  fancy"  roller  and  a  clearer  equal  in 
size  to  the  taker-in,  8  inches  diameter,  and 
placed  just  over  it.  Tho  fancy  roller  turns  with 
the  main  cylinder,  but  with  a  higher  circum- 
ferential velocity,  and  strips  it  of  the  cotton  just 
received  from  the  licker  in  ;  the  cotton  is  carded 
and  returned  by  the  clearer  to  the  main 
cylinder,  and  passes  on  to  the  ordinary  rollers 
and  clearers. 

Two  small  wrought -iron  rollers  cut  with 
diamond  points  (Parkinson's  system),  1 J  inches 
diameter,  are  also  placed  in  conjunction  with 
the  licker-in,  below  it,  to  take  out  leaf  or  other 
dirt,  and  partially  to  comb  the  cotton  before  it 
is  delivered  to  the  main  cylinder ;  and  no  doubt 
they  operate  in  this  way.  But  it  may  be 
remarked  that  grids  have,  within  the  last  few 
years,  l>een  very  generally  applied  to  encircle  the 
licker-in  underneath,  to  keep  the  fly,  whilst 
passing  out  the  dirt  ;  and  it  may  probably  prove 
inconvenient  to  apply  the  rollers  in  this  manner. 
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The  side  frame-plates  are  made  with  concentric 
"bends,"  to  afford  a  convenient  and  accurate 
Imisc  to  work  from  in  adjusting  the  rollers  and 
clearers,  which  will  prove  serviceable.  There 
is  a  small  eccentric  apparatus  fixed  in  the  bends 
for  tightening  the  roller  chain. 

3.  Drawing  Frame. — This  frame  is  made  with 
tbree  heads,  and  four  deliveries  in  each  head.  It 
is  fitted  with  back  and  front  stop-motions. 

4.  Mubbing  Frame. — This  is  a  good  and  well- 
known  machine.  It  has  an  extended  bearing 
for  the  spindle;  the  collar,  which  is  fixed  to 
the  lifting  rail,  is  continued  through  the  pinion 


Fio.  45. 


Collar  ion  8ri»DLB»  I*  Slvibixo  Fbamf.  by  Mr.  John  Mason, 
ra'a^g^ULe"'  nUsAt*  i,  ordinary  bearing;  c,  iep*~ 

wheel,  inside  the  bobbin,  and  nearly  to  the  top. 
This  gives  greater  steadiness  and  admits  of 
greater  speed  and  greater  production  (tig.  45). 


Fio.  48. 


Differential  OB  J*C*  MoTlOW,  with  Long  Boas  t  by  Mr.  Jobn 
Mason,  a,  extended  boat,  carrying  the  wheels  r,  t,f. 

Separating  plates  of  sheet  iron  are  fixed  along 
the  frame  between  the  drawing  rollers  and  the 
spindles,  for  preventing  the  ends  of  the  rovings 


when  broken  from  being  entangled  with  others 
and  causing  waste  ;  the  rovings  are  passed 
through  slits  in  the  plates. 

The  novelty  consists  in  a  lengthened  boss 
applied  to  the  differential  or  jack  motion  ex- 
tending through  the  jack-box,  —  thus  separat- 
ing the  rubbing  surfaces  of  the  box  and  shaft, 
which  turn  in  opposite  directions,  causing 
them  to  work  more  steadily  and  with  greater 
durability  (tig.  46). 

5.  Roving  Frame.  —  This  machine  is  con- 
structed similarly  to  the  stubbing  frame. 

6.  Throstle.  —  A  well-made  machine  of  ordi 
nary  construction. 


CHATTER  VI. 

MACHINES  EXHIBITED  BY  MESSRS.  WILLIAM 
HIGGINS  AND  SONS,  MANCHESTER. 

Messrs.  Higgins  k  Sons  exhibit  some  sug- 
gestive appliances  for  improving  the  j»erformanc« 
of  carding  engines  and  spinning  frames. 

1.  Carding  Engines.  —  Three  varieties  of 
carding  engines  were  exhibited,  showing  the 
application  of  the  principle  of  automatic  cylin- 
der-stripping, originally  invented  and  |»atented 
in  the  United  States,  and  brought  into  notice 
in  England  by  Messrs.  Higgins.  Two  additional 
rollers  are  placed  beneath  the  licker-in  roller; 
clothed  in  the  same  manner  and  revolving  in  the 
same  direction,  near  to  each  other  and  to  the 
main  cylinder ;  the  bottom  roller  being  called 
the  stripj)er,  the  other  the  intermediate.  The 
cotton  is  delivered  by  the  feed-rollers  to  the 
licker-iu  as  usual ;  but  before  it  reaches  the 
main  cylinder  it  is  brought  into  contact  with, 
and  is  carded  by,  the  intermediate  roller,  which 
allows  only  the  carded  portions  of  cotton  to  pass 
to  the  cylinder,  the  larger  masses  being  taken 
hold  of  by  the  intermediate  roller,  and  carried 
forward  until  they  are  brought  into  contact  with 
the  bottom  roller,  which  still  further  cards  and 
separates  the  fibres  of  cotton,  allowing  an  addi- 
tional portion  to  be  delivered  to  the  cylinder. 
The  remainder  is  taken  on  by  the  bottom  roller, 
and  likewise  deposited  on  the  cylinder.  Thus, 
instead  of  the  cotton  being  delivered  in  flaky 
masses  upon  the  cylinder  by  the  licker-in,  as  in 
the  oixlinary  mode,  it  is  first  well  opened  and 
carded,  separated  from  dirt  and  seeds  at  the 
most  convenient  point,  and  then  distributed 
lightly  and  evenly  over  the  surface  of  the  main 
cylinder  at  three  separate  points. 

But  the  bottom  roller  or  stripper  also,  as  its 
name  indicates,  strips  the  main  cylinder.  This 
is  ingeniously  effected  by  working  the  stripper  at 
a  varying  surface-velocity,  alternately  faster  and 
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slower  than  that  of  the  cylinder :  so  that,  in  the 
first  place  over-running  the  cylinder,  it  strips  it 
and  carries  forward  the  cotton  to  the  interme- 
diate, which  re-cards  it  and  deli  vera  a  portion  to 
the  cylinder ;  in  the  second  place,  the  cylinder 
over-running  the  stripper  strijM  it  of  the  cotton 
left  on  its  surface.  These  alternations  of  speed 
take  place  fifteen  times  per  minute,  and  it  is 
stated  that,  in  virtue  of  this  mutual  stripping 
action,  the  cylinder  does  not  require  to  Ik? 
stripjied  by  hand,  and  needs  only  to  be  stopped 
for  grinding. 

The  peculiar  principle  of  this  card  is  no 
doubt  a  useful  one.  The  main  cylinder,  the  prin- 
cipal member,  should  be  well  protected,  as  the 
more  carefully  it  is  dealt  with,  the  longer  it 
lasts  in  good  condition,  and  the  better  the 
quantity  and  quality  of  the  work  done.  No 
doubt,  the  quantity  of  work  done  is  increased 
by  the  addition  of  the  two  rollers,  a  higher 
speed  of  cylinder  being  thereby  attainable. 
It  may,  nevertheless,  l>e  suggested  that,  as 
the  striper  merely  acta  on  the  points  of  the 
wires  of  the  main  cylinder,  the  wires  arc  likely 
to  be  gradually  filled  up  with  dirt  :  a  bristle- 
brush  forcibly  applied  to  the  clothing,  and  re- 
volving at  a  good  speed,  as  in  Rivett's  machine, 
would  clean  it  out  to  the  roots  of  the  wires  ;  and, 
on  this  assumption,  the  stripj>er  might  do  better 
if  retained  as  a  worker  at  a  uniform  speed,  a 
bristle  stripping  toller  being  applied  in  addition. 
It  is  stated,  however,  that  in  a  mill  which  was 
tilled  with  Messrs.  Higgins's  cards,  where  fifteen 
persons  were  required  for  stripping  and  grinding, 
three  are  now  found  sufficient. 

The  first  card  has  a  45-inch  cylinder,  with  I 
six  rollers  and  six  clearers,  a  9-inch  licker-in, 
the  stripi»cr  and  intermediate  roller  8  inches  dia- 
meter, and  a  22-inch  doffer.  The  main  cylinder 
makes  1G0  revolutions  per  minute,  or  a  super- 
ficial velocity  of  1,88+  feet  j>er  minute,  which, 
as  couqxared  with  the  ordinary  speed  of  a  40-inch 
cylinder, — 13.3  revolutions  per  minute,  or  1,418 
feet  |>er  minute  superficial  velocity, — is  one-third 
greater.  This  card  is  suitable  for  single-carding 
for  low  and  medium  numbers;  the  production 
is  stated  to  be  1,200  lb.  per  week  for  six  teens  to 
twenty-fours.  The  variation  of  s|>eed  of  the 
stripjjer  is  effected  by  means  of  a  jwiir  of  conical 
drums,  on  which  the  belt  is  traversed  from  end 
to  end  by  a  cam-motion. 

The  second  card  (Plate  XIII.)  contains  five 
working  rollers  and  five  clearers,  and  two  self- 
acting  dirt  rollers.  This  card  is  well  adapted 
for  medium  numbers,  and  will  produce  about 
1,000  lb.  i>er  week  of  good  carding  for  thirties, 
or  900  lb.  for  forties. 

The  third  card  has  four  rollers  and  four 
clearers,  with  a  revolving  sheet  of  22  flats,  Kvan 
Leigh's  patent.  This  card  is  generally  adopted 
for  fine  spinning,  and  viclds  a  production  of 
800  lb.  per  week  for  fifties,  or  GOO  lb.  per  week 
for  eighties. 

For  the  high  velocities  of  their  cards,  Messrs. 


Higgins  employ  a  doffing-comb  of  very  light 
proportions,  which  works  rapidly.  The  ordi- 
nary comb-stock  is  dispensed  "with,  and  a 
comb  resembling  a  band-saw  is  hung  in  ten- 
sion from  two  double  arms  on  a  central  shaft, 
with  a  counter  tension -rod  at  the  other  ends 
of  the  arms  ;  any  required  degree  of  tension 
may  be  thrown  on  the  comb  by  means  of  tighten- 
ing nuts  screwed  on  the  tension-rod.  The  comb 
is  vibrated  by  light  iron  rods  from  the  cranks. 
The  whole  of  the  recipi*ocating  parts  are  thus 
reduced  to  very  light  proportions,  and  are  nearly 
self-balanced. 

2.  Stubbing  Frame.— The  chief  novelties  con- 
sist in  the  arrangements  for  supporting  and 
driving  the  spindles,  which  are  good,  though 
somewhat  luxurious.  The  upi>er  parts  of 
the  spindles  are  effectually  sup]K>rted  by  an 
extended  stationary  tubular  Wearing  or  bolster, 
extending  from  the  lower  spindle -rail  to  the 
bottom  of  the  flyer.  This  bearing  is  sus|>ended 
on  double  pivot-joints  at  right  angles  to  each 
other,  suggestive  of  and,  in  effect,  universal 
joints  «  one  of  them  attached  to  the  spindle-rail 
and  the  other  to  the  copping-rail.  By  means  of 
these  joints,  compensation  is  afforded  for  irregu- 
larities in  the  action  of  the  copping-rail,  or  in  the 
levels  or  fittings  of  the  machine,  and  the  bush 
slides  freely  on  the  tubular  bearing.  The  spindle, 
revolving  freely  within  this  tube,  is  entirely 
unaffected  by  the  traverse  of  the  copping  rail, 
which  occasionally  binds  it  in  the  common  frame. 
Thus,  Messrs.  Higgins  }  tosses*  the  same  advan- 
tage as  Mr.  Mason,  in  an  increase  of  steadiness 
with  an  extended  bearing,  combined  with  free- 
dom for  the  spindle,  to  suit  itself  to  irregularities. 
The  pinions  for  driving  the  spindles  are  connected, 
without  the  ordinary  set-screw,  by  squaring  the 
lower  ends  of  the  spindles,  which  fit  easUy  into 
square  holes  in  the  pinions.  The  pinion  is  siq>- 
]K>rted  in  an  indej>endent  bearing,  so  that  the 
spindle  and  flyer  can  lie  withdrawn  from  the 
frame  and  replaced,  without  affecting  the  pinion  ; 
wluch  facilitates  the  cleaning  and  oiling  of  the 
frame,  though,  as  a  set-off,  there  is  the  extra  fric- 
tion of  the  extra  bearing.  By  these  means,  the 
spindles  may  Is?  run  with  steadiness  at  velo- 
cities considerably  higher  than  are  usual.  They 
ran  at  1000  revolutions  per  minute  at  the 
Exhibition,  making  bobbins  10  inches  long  by 
5  inches  diameter.  The  ordinary  sjtced  of  slub- 
bing  spindles  is  500. 

3.  lloving  Frames. — Two  roving  frames  are 
exhibited,  with  the  same  appliances  to  the 
spindles  and  flyers  as  have  been  described  for  the 
stubbing  frame.  Preston's  centrifugal  presser, 
also,  is  applied  to  the  flyers,  suspended  on  an 
incline,  which  induces  the  presser  to  remain  in 
contact  with  the  bobbin,  preventing  it  from  flying 
off*  and  breaking  the  roving  when  the  frame  is 
stopped.  The  flyers  are  made  with  but  one  tube 
and  premier,  for  the  reason  that  in  practice  the 
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attendants  me  only  one  side  of  the  flyer  ;  and  a 
second  till*-,  if  unused,  is  liable  to  lie  tilled  up. 
One  of  the  roving  frames  made  bobbins  7  inches 
long  by  3£  inches  diameter,  at  1,G50  revolutions  ; 
and  the  other,  the  tine  roving  frame,  produced 
bobbins  4. V  by  2\  inches,  spinning  fifties  at  2,000 
revolutions  per  minute.  The  speed  of  the 
ordinary  roving  frame  is  about  900  revolutions. 
(Plate  XIV.) 

4.  Throstle  Frame.— In  this  frame  there  are 
means  of  regulating  the  drag  of  the  bobbin, 
by  a  cord  which  is  held  taut,  stretched  by  u 
weight,  across  the  bobbin  rail  against  and  in 
a  groove  in  the  bottom  of  each  bobbin.  The 
friction  or  drag  is  regulated  by  shifting  or 
lapping  the  cord  more  or  less  in  the  groove.  The 
principle  is  correct,  but  it  has  been  found  that 
the  junior  attendants  meddle  with  and  shift  the 
COras,  and  make  an  irregular  drag,  resulting  in 
bad  spinning  and  waste.  Though  not  much  used 
in  England,  this  drug-motion  is  extensively 
applied  on  the  Continent 


CHAPTER  VII. 

MACHINERY    EXHIBITED    BY    MESSRS.  POBSON 
AND  BARLOW,  BOLTON. 

Messrs.  Dobson  Jc  Barlow  exhibited  a  complete  | 
system  of  machines,  arranged  and  adapted  for 
prejMiring  and  spinning  cotton  yarn   of  tine 
numbers. 

L  Cotton  Opener. — Devised  for  opening  and 
cleaning  l>oth  long  and  short  staple  cotton. 
The  machine  differs  in  construction  from  the 
other  openers  exhibited,  inasmuch  as  it  has  two 
cylinders  .'JO  inches  diameter,  set  one  over  the  | 
other,  running  aliout  h  inch  apart.  The  cylinders  I 
have  each  ten  wrought- ir<m  blades  or  knives, 
armed  with  twenty-eight  steel-faced  teeth,  placed 
zig-zag  on  one  side  of  each  blade.  The  feed 
rollers  are  made  with  a  series  of  annular  grooves 
and  ribs  fitting  each  other  ;  and  the  tops  of  the 
ribs  are  fluted  to  grip  the  cotton,  and  yet  to  let  i 
seeds  or  shells  pass  through  without  crushing 
them.  For  cleaning  dirty  cotton,  as  Egyptian, 
Of  Surat,  the  two  cylinder  •beaten  revolve  in 
opposite  directions,  and  they  both  operate  on  J 
the  cotton.  The  cover  of  the  upper  cylinder  is  i 
fitted  with  ril>s,  against  which  the  cotton  is  pro- 
jected by  the  cylinder;  the  lower  cylinder,  running 
in  the  opposite  direction,  drives  it  over  a  grid 
as  usual,  when  it  is  taken  off  by  a  fan-draught. 
For  cotton  requiring  less  opening  or  cleaning, 
as  Sea  Island  or  Orleans,  the  cylinders  revolve 
in  the  same  direction.  The  change  in  direction 
is  effected  by  crossing  the  belt  for  the  upper 
cylinder  and  diverting  the  current  by  a  valve. 
Tliis  machine,  it  is  stated,  o^ns  00,000  lb.  of 


cotton  per  week.  It  embodies  »m  excellent 
principle  of  compound  or  combined  action. 
(Plate  XV.) 

2.  Single  Scuiclter. — This  machine  has  lapping 
parts  attached,  with  consolidators,  fan,  and 
feeding  lattice  for  doubling  four  laps. 

3.  Breaker  Carding  Engine. — This  machine 
has  two  working  rollers  and  twelve  flats,  which 
ore  self-stripping,  on  Welhuan's  system.  The 
cotton  is,  in  the  first  place,  ojiened  and  cleaned 
by  the  working  rollers  before  it  reaches  the  flats. 
The  process  of  stripping  the  flats  consists  in 
raising  them  out  of  their  beds  without  turning 
them  over,  and  drawing  a  wire  brush  across  the 
face  of  the  flat,  which  removes  the  fly  and  dust. 
Each  flat  is  pressed  gently  down  upon  the 
stripper  during  the  operation ;  alternate  flats 
being  lifted  in  succession.  The  stripping  me- 
chanism Is  sustained  by  and  vibrates  on  the  main 
shaft,  over  the  range  of  the  flats  ;  and  the  move- 
ments are  effected  by  means  of  an  irregular  groove 
guide  or  cam  motion,  with  suitable  connections 
for  lifting  and  lowering  the  flats,  and  passing 
and  withdrawing  the  brush.  The  sjieed  of  the 
stripper  is  adjustable  to  strip  froni  one  to  five 
flats  ]kt  minute.  The  flats  are  supported  by 
adj listing  screws,  and  may  be  tdcen  out  at  any 
time.  The  action  of  the  hand  in  stripping  is 
imitated  in  this  machine  ;  but  with  greater  regu- 
larity, and  producing  better  work.   (Plate XVI.) 

4.  Lap  Macltine.  —  This  machine  is  on 
Ash  worth's  system,  to  make  laps,  for  the  finisher 
carding  engine,  of  the  slivers  from  the  breaker 
card.  It  is  for  precisely  the  same  purpose  as 
the  Derby  doubler  exhibited  by  Messrs.  Piatt 
Brothers  &  Co.  The  plates  at  the  end  of  the 
lap  revolve  with  it,  and  prevent  the  edges  from 
being  felted  together,  thereby  preventing  waste. 

6.  Finisher  Carding  Engine. — This  engine  is 
mounted  entirely  with  flats,  stripped  automa- 
tically on  Wellman's  system,  like  the  breaker 
Card.  The  cylinders  of  both  cards  are  stripjied 
by  hand-comb,  or  with  a  bmsh-stripjier,  which 
prevents  the  cord-clothing  from  being  injured. 

6.  Criiuling  Machine.  —  For  grinding  two 
rollers  and  two  flats  at  a  time,  with  adjusting 
screws  for  setting  each  independently. 

7.  Drawing  Frame. — Of  three  heads  and  three 
deliveries,  with  front  and  lwick  stopping  motions ; 
and  four  lines  of  rollers,  coders,  and  cam 
motions. 

8.  Stubbing  Frame. — Of  44  spindles,  bobbin 
10  by  5  inches  ;  with  centrifugal  presser*.  The 
gearing  is  carefully  eased  up. 

i».  Intermediate  Frame.  —  Of  54  spindles, 
ls.bbin  6"  by  4  inches  ;  with  centrifugal  pressers. 
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10.  Roving  Frame. — Of  70  spindles,  bobbin 
7  by  3i  inches ;  with  centrifugal  pressers. 

11.  Jack  Frame. — Of  88  spindles,  soft  bobbin 
5  by  '2\  inches.  This  frame  has  produced 
rovings  of  the  fineness  of  125  hanks  to  the 
pound. 

12.  Self-acting  Mule. — In  this  nude  double 
roving  is  spun  ;  that  is  to  say,  two  rovings  are 
drawn  into  one  thread.  Or,  single  roving  may 
be  used  for  coarse  mimbers. 

This  mule,  compared  with  others,  hat  two 
additional  motions,  necessary  for  spinning  fine 
yams, — namely,  the  second  stretching  motion, 
and  the  extra  twisting  motion.  The  object  of 
this  stretching  motion  is  to  stretch  or  draw  out 
all  unevenness  or  curls  in  the  thread  that  may 
arise  through  inexact  raising  of  the  fullers  at 
the  l>eum,  or  inequality  between  the  speed  of 
delivery  from  the  drawing  rollers  and  the  sja»ed 
of  the  carriage  in  running  out,  or  from  any 
other  cause.  When  the  carnage  arrives  at 
al>out  one  and  a  half  inches  from  the  end  of 
its  traverse,  the  rollers  are  stopi>ed  whilst  the 
csuriage,  by  means  of  a  differential  motion, 
slowly  completes  its  traverse.  But  the  length 
of  stretch  may  be  varied  from  one  quarter  to 
six  inches,  without  stopping  the  machine.  The 
spindles  continue  to  revolve  and  to  give  extra 
twLst  to  the  yarn,  for  at  tout  fifteen  seconds, 
making  0,200  revolutions  per  minute.  These 
motions  arc  effected  by  means  of  levers  and 
weights,  without  friction  or  cam-shaft  The 
additional  functions  of  stretching  and  twisting 
involve  additional  mechanism  about  the  head- 
stock  ;  but  these  motions  may  be  used  or  not  at 
discretion.  No  change  of  gear  is  required  when 
the  rollers  stop,  thus  ensuring  the  steadiness  of 
the  carriage,  and  freedom  from  strain  on  the 
yarn.  The  clianging  motions  an  j>ositive.  The 
winding-on  quadrant,  which  is  self-acting,  en- 
sures the  yarn  being  properly  wound  on  at  the 
nose  of  the  cop.  The  mule  was  spinning  one- 
hundreds  at  the  Exlubition.  It  is  adapted  for 
spinning  the  coarsest  as  well  as  the  finest  num- 
bers of  yarns,  either  twist  or  weft,  from  short  or 
long  staple  cotton.    (Plate  XV II.) 


CHAPTER  VIII. 

FOREIGN   COTTON  MACHINERY. 

The  contributions  from  foreign  countries  were 
scanty.  Messrs.  A.  Rycx  »fc  Son,  of  Ghent, 
Brussels,  exhibited  a  carding  engine,  of  which 
the  j>eculiar  feature  consisted  in  causing  the 
clearer*  to  revolve  in  the  contrary  direction  to 
the  rollers,  with  the  object  of  causing  the  dirt  to 
be  collected  on  the  rollers. 

M.  J.  Bcugger,  of  Winterthur,  Switzerland, 
exhibited  a  roving-frame,  so  arranged  as  to  form 


the  rovings  on  a  rod  in  the  can,  instead  of  on  a 
bobbin. 

Mr.  Horace  L.  Emery,  of  Alliany,  New  York, 
U.S.,  exhibited  an  improved  saw-gin,  designed 
to  remedy  the  defects  of  the  Wliitney  gin,  to 
which  reference  has  already  l>een  made  in  the 
notice  of  the  gin  in  the  preliminary  chapter. 
The  advantage  claimed  for  Mr.  Emery's  gin  is, 
that  it  may  readily  be  adapted  to  the  various 
conditions  of  the  cotton  treated  —  long  or  short 
staple — and  that  a  larger  quantity  can  bo  better 
cleaned  than  by  other  gins,  in  the  same  time, 
with  half  the  jK)wer.  The  chief  novelty  is  a 
light  wood  shaft,  thickly  studded  with  smooth- 
jKiinted  wood  pins,  placed  in  the  chaml>cr  or 
|  hopper  which  supplies  the  cotton  to  the  saws, 
!  and  suspended  in  bearings  at  the  sides,  with 
sufficient  orbital  freedom  to  admit  of  the  shaft 
always  occupying  the  centre  of  the  cotton  roll 
which  envelojM-s  it.  The  roll  is  so  sustained  by 
it  as  to  revolve  freely,  and  to  l>e  presented  uni- 
formly to  the  action  of  the  saws  without  lx*aring 
or  pressing  on  them  or  on  the  bars  between 
them,  —  thus  preventing,  it  is  stated,  "  any 
choking,  clogging,  bridging,  napping,  abrasion, 
or  injury  to  the  staple."  For  short  staple,  the 
saws,  0  inches  diameter,  are  placed  alnmt  §  inch 
apart,  and  project  al>out  A  inch  through  the 
grate;  for  long  staple,  each  alternate  saw  is 
removed,  and  replaced  by  a  plain  steel  disc,  and 
the  speed  is  reduced.  The  brush  cylinder  is  made 
with  a  sheet-iron  covering,  with  concave  plate- 
heads,  and  with  stationary  flanges  fixed  to  the 
inside  of  the  gin  around  the  brush-heads,  to 
prevent  firing.  The  brush  revolves  faster  than 
the  saws,  and  clears  them  of  the  staple,  exciting 
at  the  same  time  a  strong  draught.  A  "con- 
denser," consisting  of  a  large  revolving  wire- 
gauze  cylinder,  is  placed  horizontally  across  the 
discharging  side  of  the  gin,  through  which  the 
draught  from  the  brush  passes  to  the  inside,  and 
out  at  the  ends,  carrying  with  it  the  loose  dust 
and  sand.  The  cotton  is  arrested  iq>on  tho 
cylinder,  and  passes  out  in  a  thick  sheet  or 
fleece  through  a  jKur  of  delivery  rollers  (fig.  47). 

A  35-saw  short-staple  gin  makes  about  300 
revolutions  per  minute,  and  is  said  to  clean  from 
40  lb.  to  50  lb.  of  cotton  per  saw  |>erday,  which 
is  nearly  fifty  j>er  cent,  more  than  is  done  with 
the  Whitney  giu  in  common  use.  For  Sea 
Island  cotton,  to  spin  hundreds,  the  speed  is 
from  90  to  100  revolutions  per  minute,  being 
stated  to  turn  out  about  GOO  lb.  jier  day.  The 
total  production  for  35  saws,  at  50  lb.  per  saw, 
would  l>e  1,700  lb.  of  short  staple  cotton  per  day, 
which  is  considerably  greater  than  the  reported 
production  of  Messrs.  Piatt's  40-inch  Macarthy 
gin.  It  would  Iks  of  importance  to  ascertain  the 
relative  values  of  the  two  staples  so  produced, 
when  spun.  The  improved  saw-gin  worked 
upon  various  qualities  of  cotton  at  the  Exhibi- 
tion, and  turned  out  the  cotton  in  a  very  clean 
|  condition,  combining  the  functions  of  an  opener 
I  with  the  special  function  of  ginning. 

F  S 
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CHAPTER  IX. 

CONCLUDING  REMARKS  ON  THE  MACHINERY  FOR 
PREPARING  AND  SPINNING  COTTON. 

The  progress  made  since  1851  in  cotton  pre- 
wiring and  spinning  machinery,  may  be  summed 
up  in  four  words : — improved  workmanship, 
better  and  more  extended  automatic  action, 
higher  speeds  with  increased  productive  power, 
and  better  quality  of  production.  In  the  mate- 
rials and  workmanship  employed  in  the  manu- 
facture of  cotton-spinning  machinery,  in  their 
extensive  and  thorough  organization  of  labour, 
and  in  the  selection  and  unsparing  employment 
of  tools  wherever  they  could  bo  advantageously 
applied,  Messrs.  Piatt  Brothers  &■  Co.,  formerly, 
in  1851,  Hibbert,  Piatt,  it  Sons,  have  for  many 
years  taken  the  lead  of  their  com|ietitors ;  but 
the  Exhibition  of  1862  has  shown  that  other 
constructors  are  following  them  up  pretty  closely. 
They  have,  nevertheless,  been,  and  continue  to  be, 
at  the  head  of  their  business  as  machinists  ;  and 
the  knowledge  of  the  principles  of  construction, 
beyond  the  technical  forms  of  stereoty|>ed  practice, 
manifested  in  their  works,  proves  that  they  are 
not  merely  machinists,  but  engineers  also. 

It  is  satisfactory  to  find  the  principle  of  the 
roller-gin  so  well  matured  and  worked  out  by 
Messrs.  Piatt  Brothers  &  Co.,  as  they  have  done 
in  their  improved  Macarthy  gin.  It  Is  impos- 
sible to  conceive  a  more  harmless  method  of 
dealing  with  the  seed-cotton  :  the  process  of  gin- 
ning being,  by  a  dead  pull  on  the  staple,  which 
is  gripped  between  two  rollers,  to  hold  it  whilst 
the  seed  is  pushed  or  drawn  oft".  There  am  be 
no  doubt,  again,  that  Mr.  Emery  has  made  a 
substantial  improvement  on  the  saw-gin,  and 
there  is  much  to  t>e  said  for  a  continuous  circular 
movement,  in  preference  to  a  reciprocating  move- 
ment, if  other  conditions  be  alike.  The  two 
principles,  as  respectively  embodied,  will,  no 
doubt,  be  brought  to  the  test  of  practice. 

In  the  opening  and  the  scutching  machines 
of  Messrs.  Piatt  Brothers  <fc  Co.,  note  the  excel- 
lent proportions  of  the  toothed  cylinders,  which 
are  provided  with  numerous  teeth,  only  Tnff  inch 
thick.  They  are  much  more  effective  in  opening 
and  shaking  the  cotton,  and  separating  the 
sand  and  other  solid  matter  from  it,  than  when 
the  teeth  are  thicker  and  fewer  in  number, — 
as,  for  example,  in  Messrs.  Walker  tfe  Hacking's 
oj>ener,  in  which  there  are,  only  six  tows  of 
teeth  T«V  inch  thick.  With  the  thinner  and 
more  frequent  teeth,  the  fibres  are  allowed  to  slip 
aside  between  the  teeth  more  readily,  until  they 
are  at  last  taken  off.  The  broader  teeth  act  more 
like  the  knives  of  the  beater,  which  would  not 
be  appropriate  for  the  first  operation  of  own- 
ing dense  masses  of  cotton,  but  would  be  more 
likely  to  break  or  twist  the  fibres,  or  cause  them  to 
"  twitter."  Messrs.  Piatt  Brothers  «fc  Co.  prefer 
drawing  their  supply  of  air  entirely  through  the 
grids,  as  the  current  prevents  the  cotton  passing 


down  under  the  stroko  of  the  beaters :  in  this 
particular  they  differ  in  opinion  from  Messrs. 
Hetherington  «fc  Sons,  who  divide  the  draught  so 
as  to  allow  the  dirt  to  fall  more  freely  through 
the  grids.  Note,  further,  in  this  connection, 
the  use  of  wire,  by  Messrs.  Piatt,  for  the  draught- 
cylinders,  instead  of  the  usual  perforated  plate. 
A  round  hole  makes  an  eddv,  which  twists 
the  cotton  ;  the  wires  make  continuous  slits, 
which  cause  the  draught  to  act  uniformly  on 
tho  cotton.  Careful,  sometimes  delicate,  adjust- 
ment of  the  jvartitions  is  required  to  get  a 
broad  current  of  uniform  power  to  avoid 
eddies  amougst  the  floating  cotton,  and  to  draw 
it  uniformly  over  the  surfaces  of  the  cylinders, 
iuul  make  a  good  lap.  Messrs.  Dobsou  <fc  Bar- 
low exhibited  an  arrangement  of  combined 
opener,  with  two  cylinders,  which  were  com- 
pounds of  beater-bladea  and  teeth.  By  their 
vertical  arrangement,  one  over  the  other,  the 
cotton  may  lie  passed  through  one  or  both 
cylinders,  as  required ;  and  the  added  force 
of  a  blow  from  the  second  beater  upon  the 
cotton  flakes,  approaching  it  in  the  opposite 
direction  with  the  velocity  of  the  first  beater, 
should  tell  with  great  effect  in  ojiening  the 
flakes  and  dispersing  the  dirt. 

Lord's  feed-regulator  is  a  good  motion,  and 
has  been  frequently  applied.  It  is  a  delicate 
apparatus,  and  should  not  be  implicitly  trusted. 
It  is  easy  to  get  out  of  order:  the  strap  may 
slacken  and  slip,  or  it  may  be  caused  to  slip  by 
oil  getting  upon  the  drums,  and  the  sjjeed  of 
delivery  will  lxs  injuriously  affected  by  such  an 
occurrence.  The  weighing  and  uniform  spread- 
ing of  the  cotton  upon  the  travelling  creeper 
of  the  breaker  machines  should  therefore  be  con- 
tinued as  USUftl ;  and,  in  conjunction  with  this, 
Lord's  feeder  acta  as  a  serviceable  adjunct. 
One  hour's  lwul  work  in  the  "  blowing  room  " 
will  give  ten  hours'  bad  work  all  through  the 
mill,  and  every  means  of  ensuring  uniformity 
of  lap  should  be  employed  in  that  department 
Since  the  expiration  of  Lord's  patent,  the  appa- 
ratus has  been  considerably  improved  by  other 
makers. 

The  substitution  of  iron  for  wood  in  the  con- 
struction of  carding  cylinders  and  rollers,  has 
materially  enhanced  their  efficiency  and  dura- 
bility ;  and  there  is  nothing,  probably,  in  the 
whole  range  of  cotton  machinery  which  demands 
a  nearer  approach  to  absolute  exactness  in  form 
and  fitting,  as  the  comi>oneut  parts  of  a  carding 
engine.  The  application  of  continuous  self- 
stripping  appliances  to  the  cards  is  a  notable 
novelty.  In  Wellman's  self-acting  flat-stripper, 
exhibited  by  Messrs.  Dobson  &  Barlow,  the 
oj>eration  is  performed  by  a  single  stroke  of 
a  wire  brush  across  the  face  of  the  flat ;  and 
it  contrasts  with  the  revolving  brush-stripper 
of  Messrs.  Hetherington,  in  which,  with  the 
revolving  motion,  a  greater  extent  of  stripping 
surface  may  be  brought  to  bear  upon  the  flat 
than  in  Wellman's;  and  there  is,  in  addition, 
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a  self-acting  striper,  to  keep  the  stripping-  , 
roller  in  good  condition.  Messrs.  Hcthering-  J 
ton's  flat  stripping  motion  was  complicated,  but 
it  worked  satisfactorily ;  and,  in  combination 
with  Rivett's  self-acting  cylinder-stripper,  also  1 
exhibited  by  them,  it  would  make  an  excellent 
machine — wanting,  however,  the  self-grinding 
appliance  which  Messrs.  Piatt  Brothers  k  Co., 
apply  to  the  revolving  flats  of  their  cards. 
This  arrangement  of  self-acting  flats  works 
very  well  when  truly  set ;  and  it  is  a  work 
requiring  great  care  and  mast  exact  workman- 
ship, that  the  lattice  may  move  in  a  tndy 
circular  and  concentric  path,  and  at  the  exact 
distance  from  the  surface  of  the  main  cylinder.  ! 
Such  an  arrangement  woidd  have  l>een  im- 
possible but  for  the  timely  sukstttution  of 
iron  for  wood  in  the  construction  of  main 
cylinders.  It  Is  a  most  iuqxntant  matter  to 
luivc  all  the  working  part*  of  a  carding  engine 
veiy  nicely  fitted,  whether  with  flats  or  rollers, 
and  that  they  should  work  steadily  on  firm 
bearings.  In  a  revolving  train  of  flats,  the 
pivots  are  movable,  and  the  joints  must  be 
loose  enough  to  work  freely.  Nevertheless, 
with  first-rate  workmanship  the  moving  parts 
are  as  steady  as  the  fixed  jMtrts  when  set 

The  design  of  the  stripping  rollers  exhibited 
by  Messrs.  Higgins  «fe  Sons,  and  by  Messrs.  He- 
therington  &  Sons,  whereby  the  stripper,  having 
a  variable  velocity,  becomes  alternately  a  strip- 
per and  a  worker  of  the  inain  cylinder,  is  an 
ingenious  and  serviceable  design ;  and,  apart 
from  the  question  of  quality,  it  no  doubt  affords 
a  means  of  effecting  an  increase  in  quantity  of 
production. 

A  variety  of  doffing-comlra  were  exhibited, 
but  the  one  most  generally  adopted  is  the  fly- 
comb,  which  consists  of  a  vibrating  shaft  having 
a  number  of  projecting  aims,  to  the  ends  of 
which  the  ordinaiy  dotfing-comb  plates  are  at- 
tached. The  comb-stock  is  thus  dispensed  with. 
By  its  vibrations,  the  comb-stock  fans  the  loose 
fibres  from  the  web,  and  creates  a  deposit  of 
waste. 

The  combine  machine  exhibited  by  Messrs. 
Hetherington  «fc  Sons  is  a  plain  application  of 
common-sense.    The  function  of  the  machine  is 


simply  to  select  the  longest  fibres  from  the 
I  staple,  and  to  discharge  all  the  shorter  fibres. 
The  picked  fibres  are  to  Ik?  selected  of  one  length, 
— the  greatest  length  ; — a  problem  plainly  inst^ 
1  luble  by  the  agency  of  the  carding  engine  alone, 
in  wluch  all  that  can  be  done  is  that,  whilst  the 
longer  fibres  in  general  remain  in  the  cylinder, 
the  shorter  fibres  are,  in  general,  taken  out  in 
the  rollers  and  the  flats.  But,  when  a  complete 
separation  is  demanded,  the  comb  is  applied,  to 
search  out  the  shorter  fibres  one  by  one,  whilst 
the  longer  fibres  are  held  by  the  nippers  and  the 
rollers, — reverting,  in  fact,  to  the  principle  of 
the  roller-gin.  The  alternating  motion  of  the 
!  machine,  however,  retards  its  production  ;  and 
what  is  yet  to  be  done  is  to  apply  a  continuous 
circular  motion  to  the  process  of  combing. 

The  top  rollers  invented  by  Mr.  Evan  Leigh 
have  proved  their  usefulness  by  their  having 
been  generally  applied  in  drawing  and  other 
frames.  The  extended  bearings  and  universal- 
jointed  support!  for  slubbing  and  other  spindles 
brought  out  by  Messrs.  Higgins  <fc  Sons,  are 
likely  to  prove  useful  in  facilitating  the  adoption 
of  increased  speeds  of  spindles,  particularly  for 
short  or  inferior  staples ;  though  it  is  evident 
that  the  universal  joint  is  a  necessity  attending 
the  long  bearing,  inasmuch  as  a  long  bearing 
is  more  liable  to  bind  than  a  short  one.  It  re- 
mains to  be  considered  whether — having  secured 
an  unyielding  floor  and  ensured  correct  fitting, 
such  as  should  be  exj>ected  from  competent 
machinists,  the  ordinary  spindle,  with  long  hear- 
ings, will  not  work  as  well  without  the  universal 
joint. 

The  self-acting  mules  displayed  much  in- 
genious contrivance  and  mechanical  refinement, 
suited  to  the  complex  operations  required,  of 
them.  In  and  about  the  headstock  of  a  self- 
acting  mule,  there  is  probably  concentrated  as 
much  really  meritorious  design,  the  work  of 
first-rate  mechanicians,  as  in  any  other  ma- 
chine in  existence.  It  must  be  absolutely  au- 
tomatic, independently  of  the  matter  operated 
upon,  which  is  too  delicate  to  offer  either  assist- 
ance or  resistance ;  and  its  changes  must  for  the 
same  reason  be  timed  with  absolute  exactness. 
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MACHINERY  FOR  TIIE  PREPARE 
CHAPTER  L 

INTRODUCTION'. 

In  the  elal>orate  and  valuable  report  on  woollen 
goodl  by  the  Jury  on  Mixed  Fabrics,  the  re- 
porter, Mr.  H.  S.  Way,  dwells  strongly  ujxm  { 
the  extraordinary  progress  made  since  1851 
in  the  woollen  manufacture,  amongst  the  priii- 
eipal  feature!  of  which  he  mentions  tlie  in- 
creased supply  and  better  quality  of  foreign 
and  colonitd  wool,  and,  in  low  goods,  the  exten- 
sive use  of  old  or  second-hand  materials  mixed 
with  new,  besides  the  improvement  in  machinery 
and  mechanical  contrivances  of  every  kind.  , 
Vast  quantities  of  good-looking  and  highly 
serviceable  woollen  articles,  he  says,  are  now 
produced  at  very  low  prices,  owing,  in  connection 
with  the  improvements  in  machinery,  to  the 
Introduction  of  cotton  warps,  and  to  the  clever 
and  ingenious  use  of  old  or  second-hand  wools, 
known  as  shoddy,  mongrel,  and  "  extract,"  which  ; 
are  mixed  with  certain  proportions  of  new  wool 
to  give  the  required  strength  and  durability. 

In  1851,  the  total  importation  of  wool  from 
all  sources  was  317,881  bales;  and  in  18G1  it 
amounted  to  520,713  bales,  most  of  which  was  sent 
from  the  colonies,  including,  liesides  wool,  other 
valuable  raw  materials, — as  aljKica,  mohair,  and 
cashmere.  The  woollen  goods  produced  for 
many  years  prior  to  1850  were  hard,  stubl>orn, 
and  inelastic,  owing  partly  to  the  properties  of 
the  wool,  and  jmrtly  to  the  prevailing  fashion  of 
wearing  high-dressed  glossy  cloths.  But  the 
fashion  changed  with  the  introduction  of  Aus- 
tralian wool,  with  its  short  silky  staple,  which 
was  letter  adapted  for  making  soft,  elastic,  and 
pliable  fabrics ;  hence  the  prevalence  of  such 
articles,  which  have  materially  increased  the 
comfort  of  the  wearer  during  the  hist  ten  years. 

As  cotton  also  enters  largely  into  the  compo- 
sition of  mixed  M'oollen  fabrics,  Mr.  Way  takes 
the  opj>ortunity  of  hinting  that  there  was  just  as 
great  an  outcry  and  prejudice  against  colonial 
wool  thirty-five  years  ago  as  there  is  against 
colonial  cotton  now ;  and  as  the  former  has 
distanced  all  comj>etitors,  he  hopes  that  in  the 
course  of  time  the  latter  also  will  Ihj  as  much 
appreciated. 

Shoddy  ! — The  very  name  at  one  time  was 
sufficient  to  excite  prejudice  and  disgust.  But 
the  useful  projierties  of  shoddy  have  long  since 
been  recognized,  and  the  industry  of  whole  dis- 
tricts depends  upon  it.  Shoddy  is  of  three 
kinds:— 1,  shoddy,  made  from  soft  woollen  rags, 
as  flannels,  blankets,  stockings,  and  carpets ; 

niungo,  made  from  hard  and  fine  woollen  rags,  | 


TION  AND  SPINNING  OF  WOOL. 

new  cloth  cuttings,  and  such  materials;  3,  extract 
wool,  that  is,  wool  extracted  from  mixed  cotton 
and  woollen  rags  by  a  chemical  process,  in  which 
the  cotton  is  consumed,  and  the  woo]  is  left  intact. 
Of  the  three  sorts,  shoddy  and  mungo  are  held 
in  the  highest  estimation,  possessing  better  felt- 
ing projierties  than  extract.  The  conversion 
of  woollen  rags  into  shoddy  is  effected  by  a 
simple  process  in  a  machine,  of  which  the  princi- 
|»al  part  is  the  "swift,"  revolving  within  a 
cylinder.  The  swift  contains  ten  to  twelve  thou- 
sand iron  teeth  or  spikes,  fixed  in  diagonal 
rows  upon  it,  and  is  driven  at  the  rate  of  six  to 
nine  hundred  revolutions  per  minute,  tearing  or 
Lrriiulinir  the  rat's  into  shoddv.  A  machine  of  this 
description  was  exhibited  by  Mr.  Rhodes,  of 
Morley,  near  Leeds.  Shoddy  is  mixetl  with 
new  wool  for  manufacturing,  in  the  teazing  and 
carding  processes ;  and  the  practised  eye  and 
touch  alone  can  detect  its  pn-sence  in  woollen 
goods.  It  has  recently  lieen  calculabil  that  the 
annual  production  of  rag-wool  or  shoddy  in 
the  United  Kingdom  amounts  to  forty  million 
pounds  J  and  that  twenty-five  million  jiounds 
are  imported,  making  a  total  of  05,000,000  lb. 
annually  consumed  in  this  country  in  the  manu- 
facture of  woollen  gomls, — a  quantity  equal  to 
the  net  produce  of  nUmt  250,000  to  2G0.000 
bales  of  raw  wool,  or  nearly  one-half  the  quantity 
imported  in  1861.  Shoddy,  with  very  few 
exceptions,  enters  into  the  composition  of  all 
classes  of  medium  and  low  woollens,  and  is 
second  only  in  value  and  importance  to  wool 
itself ;  but  it  should  be  judiciously  used,  as  there 
must  be  a  sufficient  admixture  of  new  wool  to 
give  the  requisite  strength  to  the  fabric. 

In  a  notice  of  the  improvements  and  economies 
recently  effected  by  the  application  of  machinery 
in  the  woollen  manufacture,  Mr.  Way  refers  to  the 
method  generally  in  use  for  washing  and  scouring 
wool,  in  which  the  wool  is  immersed  in  a  j»un  or 
vat  containing  hot  alkaline  lye,  where  it  is  worked 
nl:.  lit  by  men  with  wooden  jmjIcs  until  the  grease 
and  other  matters  are  extracted  ;  then  taken  out, 
passed  through  clean  water,  rinsed,  and  dried. 
By  this  system  two  men  and  a  boy  could  scour 
500  lb.  of  woo]  in  a  day,  at  a  cost  of,  say,  10s. 
for  500  lb.  But  by  the  use  of  the  scouring  and 
drying  machine,  the  work  is  now  better  dono 
with  one  man  and  a  boy  at  a  cost  of  Cs.  for 
scouring  1,200  lb. — showing  a  saving  of  seventy- 
five  per  cent.  By  the  introduction  of  the 
condenser,  with  Api>erley's  feeder,  the  old  pro- 
cesses of  scribbling,  carding,  and  stubbing,  are 
brought  into  a  continuous  line,  and  the  use  of 
the  slubbing  billy  done  away  with,  with  its 
attendants— namely,  one  man  and  two  or  three 
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children.  The  ordinary  spinning  frame  or  mule 
requires  one  man  and  two  girls  to  attend  it ;  it 
is  being  superseded  by  the  self-acting  mule, 
which  does  away  with  the  man's  labour,  two 
girls  alone  lieing  required  in  attendance.  The 
yam  spinning  and  doubling  machines,  dispensing 
with  mules  for  that  puq>ose,  are  exited  to 
effect  a  great  saving  in  sjMice  and  wages.  The 
weaving  done  formorly  by  hand  is  now  worked 
chiefly  by  power.  For  woollen  goods,  the  power- 
loom  has  comparatively  been  but  recently 
introduced.  The  most  important  advances  have 
been  made  since  1851.  At  that  time,  the 
power-loom  was  only  adapted  to  produce  plain 
goods,  and  certain  patterns  of  not  more  than 
two  or  three  colours  of  weft-thread.  By  the 
improvements  since  made,  almost  any  description 
of  pattern  and  variety  of  colours  can  be  easily 
brought  out.  The  shuttles  are  now  so  arranged, 
by  the  use  of  rising  and  revolving  boxes,  that 
any  colour  may  l>e  woven  in  which  the  pattern 
recrairea,  ami  the  fabric  itself  may  lxs  produced 
with  greater  rapidity  and  evenness.  Girls  are 
chiefly  employed  to  attend  the  power-looms,  each 
taking  charge  of  one  or  more,  whereas  formerly 
the  attendance  of  men  was  required.  The  saving 
effected  by  the  use  of  power-looma  varies  from 
twenty-five  to  seventy-five  |>er  cent.  In  the  pro- 
cess of  "milling,"  the  introduction  of  the  "ful- 
ling" machine  in  place  of  the  old  stocks  or  heavy 
mallets,  lias  effected  a  saving  of  time,  space,  and 
power, — requiring  only  one-third  of  the  space, 
and  one-half  the  power.  By  the  use  of  tentering 
and  tlrying  machines,  a  saving  of  seventy-five 
per  cent,  of  wages  is  effected,  in  addition  to  the 
production  of  better  colours  and  imparting  a 
better  "  handle"  to  the  cloth.  These  machines 
are,  however,  very  expensive,  and  beyond  the 
reach  of  small  manufacturers.  Similar  remark- 
able advances  have  been  made  in  the  processes 
of  finishing,  particularly  in  cutting  or  shearing, 
and  in  pressing,  which  is  the  last  stage.  There 
is  yet  room  for  farther  advances,  and  woollen 
manufacturers  will  no  doubt  exert  themselves 
to  coj)o  with  the  cotton  manufacturers.  Cotton 
machinery,  in  fact,  has  l>cen  earlier  in  hand  ;  it 
has  already  afforded  useful  precedents  for  imi- 
tation in  woollen  machinery  ;  and  there  is  a 
probability  that  it  may  lie  still  further  imitated 
with  advantage,  if  not'in  all,  at  least  in  some  of 
the  stages  of  manufacture. 


CHAPTER  II. 

PREPARING  MACniXERV. 

The  contributions  of  woollen  machinery  to  the 
Exhibition  were  comparatively  limited,  particu- 
larly in  the  English  section.  The  foreign  collec- 
tion was  larger  than  the  English,  and  comprised, 
amongst  various  Isolated  machines,  a  consecutive 
series  of  preparing  and  spinning  machinery,  by 


the  largest  French  manufacturer,  M.  A.  Merrier. 
Messrs.  Piatt  Brothers  »fcCo.,  the  largest  English 
constructors,  in  like  manner  exhibited  a  consecu- 
tive series  of  wool  leu  machinery. 

Wool  is,  in  the  first  place,  sorted  or  mixed  by 
hand,  when  as  many  as  ten  or  twelve  iliffer- 
ent  qualities  are  sometimes  selected  froni  one 
fleece.  It  is  then  ready  to  be  scoured.  The 
scouring  or  washing  machine  was  exhibited  ;  and 
the  first  to  be  noticed  is  Mr.  Lee  Norton's  model 
of  a  drying  machine,  which  acts  very  well,  but 
has  been  objected  to  on  account  of  its  liability 
to  take.  fire. 

If  the  wool  Is  hurry,  or  filled  with  motes, 
these  must  l>e  sej>arated  from  it,  and  the  separa- 
tion is  one  of  the  most  troublesome  processes. 
The  burrs,  which  are  found  in  nuiny  kinds  of 
wool  —  the  wools  from  Australia  and  South 
America,  for  example, — arc  the  seeds  of  a  plant 
which  abounds  in  many  sheep-runs,  and  are 
alxmt  the  size  of  a  pea.  When  unrolled,  some 
of  them  are  two  inches  in  length,  and  like 
saws.  The  chief  desideratum  is  to  extract  them 
whole  from  the  wool  without  injuring  the  staple. 
If  they  get  broken  or  undone  in  the  wool,  it  is 
almost  impossible  to  separate  them  without 
injuring  it. 

Burring  Madiinea. — A  machine — an  English 
invention,  Calvert's  patent — was  exhibited  by 
MM.  Houget  «fe  Teston,  of  Vervicrs,  Belgium, 
in  which  the  wool  Is  passed  from  the  feed-rollers 
to  a  steel-wire  covered  roller,  a  covering  re- 
sembling card  -  clothing,  known  as  Garnet's 
patent ;  from  which  the  wool  Is  delivered  to  a 
large  cylinder  covered  with  combs,  which  lay 
hold  of  and  pass  the  wool  under  a  fluted  roller, 
by  which  the  burrs  are  caught  and  knocked  off. 
The  burrs  pass  away  through  a  grate,  and  the 
wool  Is  taken  from  the  combs  by  a  revolving 
brush  moving  at  a  higher  speed.  The  objection 
t«  this  machine  is,  that  the  staple  is  rolled  by 
the  brush  into  knoks  or  "  strings ;  "  but  though 
it  slightly  injures  the  staple,  it  is  cq»able  of 
burring  a  considerable  quantity  of  wool. 

Messrs.  Calvin  <fc  Goddard,  of  New  York, 
exhibited  a  burring  machine,  which  they  call 
|  the  "  Mestizo  burring-picker,"  in  which  the 
wool  is  shaken  or  teazed  until  all  the  burrs  fall 
away.  The  main  cylinder  is  covered  with  bars 
set  with  small  teeth,  which  take  up  the  wool 
and  deliver  it  to  a  small  roller  clothed  with 
Garnet's  card,  over  which  a  small  fluted  roller 
revolves,  and,  as  in  the  Belgian  machine,  throws 
back  the  burrs  into  the  chamber  of  the  large 
cylinder,  to  undergo  the  process  again.  The 
dust  is  extracted  from  the  wool  through  a  perfo- 
rated zinc  casing  over  the  cylinder,  by  means  of 
an  exliausting  fan-draught  This  maclune  occa- 
sionally breaks  the  burrs,  and  it  strings  the 
wool ;  its  production  is  not  considerable. 

Messrs.  Piatt  Brothers  tfc  Co.  exhibited  a 
burring  machine  on  the  principle  of  their  im- 
proved Macarthy  gin,  in  which  the  burrs  are 
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separated  from  the  staple  in  the  same  manner  as 
cotton-seeds.  In  this  machine  no  small-teeth 
combs  are  employed ;  the  staple  is  passed  unin- 
jured, open,  and  free  from  the  dust  and  strings 
produced  by  the  other  machines  described.  The 
delivery  is  at  the  rate  of  from  8  lb.  to  12  lb.  of 
clean  wool  per  hour,  which  is  not  considerable, 
but  is  as  much  as  that  of  other  machines,  in 
projx>rtion  to  the  power  used.  It  is  not  neces- 
sary to  pass  the  fibre  through  the  machiue  a 
second  time. 

Teazing  Machines. — In  the  next  process,  of 
teazing,  the  wool  is  passed  over  large  cylinders 
covered  with  teeth,  to  prepare  it  for  the  carding 
engine.  It  is  then  oiled,  for  the  purpose  of 
softening  it,  and  of  preventing  the  short  fibres 
from  flying.  Some  teazing  machines,  as  that  of 
M.  Martin,  of  Belgium,  are  fitted  with  a  brash, 
to  deliver  the  oil  on  the  wool  as  it  passes  on  the 
feeding  board.  M.  Mercicr  exhibited  a  teazing 
machine  of  the  ordinary  kind.  Messrs.  Apjjcrley 
it  Clissold,  of  Stroud,  Gloucestershire,  exhibited 
a  machine,  in  which  the  lubrication  of  the  wool 
was  performed  on  the  feeding  table  of  the  first 
carding  engine.    It  has  not  yet  been  much  used. 

Carding  Engines. — Wool  is  passed  through  a 
series  of  three  machines  in  the  process  of  card- 
ing. There  is,  first,  the  "scribbler,"  or  breaker 
carding  engine ;  then  the  "  intermediate,"  or 
second  card  ;  and  the  "  condenser,"  or  finisher 
carding  engine. 

Messrs.  Piatt  Brothers  it  Co.  exhibited  a  set 
of  three  carding  engines.  The  cylinders  and 
the  rollers  are  of  iron,  which  is  preferable  to 
wood ;  they  are  more  economical,  as  the  cards 
Lust  longer  tluui  with  wooden  cylinders.  They 
are  fitted  with  the  balanced  doffer-comb,  the 
same  as  is  applied  in  Messrs.  Piatt's  cotton  cord- 
ing engines. 

The  first,  or  scribbler  engine,  is  GO  inches  wide 
on  the  wire,  with  a  common  hand-spreading  tra- 
velling lattice,  on  which  the  wool  is  conducted  to 
a  pair  of  small  feeding-rollers,  which  are  guarded 
by  an  "  angular  stripjter  roller,"  to  prevent  the 
wool  lapping  them.  The  wool  is  delivered  to  a 
serrated  taker-in  roller,  which  Is  of  cast-iron,  with 
a  number  of  serrated  flat  wires,  like  fine  saws, 
let  into  the  circumference.  The  object  of  these 
teeth  is  to  stretch  the  fibres  in  passing  the  feed- 
ing rollers  until  they  are  released,  when  they 
arc  passed  over  to  a  second  licker-in,  whilst  burrs, 
or  other  impurities  on  the  surface  of  the  wool, 
in  passing,  are  thriven  back  by  a  fly  or  guard 
roller,  with  a  number  of  longitudinal  fins  on  its 
circumference,  which  revolves  at  a  quick  speed 
and  picks  off  and  discharges  the  burrs  into  a 
box  alongside,  at  the  same  timo  clearing  the 
points  of  tho  saw-teeth  of  refuse  lodged  on 
them.  The  wool  having  been  taken  on,  in  a 
fair  condition,  by  the  second  taker-in,  which  is, 
in  fact,  a  reception  card  roller,  it  is  transferred 
to  the  breast  roller,  27  inches  in  diameter, — not 
directly,  but  by  means  of  a  clearer  roller,  which 


|  strips  the  card  taker-in.  The  breast  roller  has 
two  working  rollers  and  two  clearers,  by  which 
the  wool  Is  further  divided  and  prepared  for  the 
main  cylinder,  to  which  it  is  conveyed  from 
the  breast  roller  by  means  of  a  clearer  or  angu- 
lar stripper.  The  main  cylinder  is  45J  inches 
in  diameter,  and  1ms  four  working  rollers  and 
four  clearers  to  continue  the  carding  process. 
These  are  followed  by  a  "  fancy "  roller,  the 
design  of  which  is  to  lift  up  the  grease  and 
wool  to  the  surface  of  the  main  cylinder  ;  it 
Is  for  this  purpose  covered  with  a  brash  of  long 
wires,  the  surface  of  which  travels  faster  than 
that  of  the  cylinder.  The  wool  thus  raised  is 
stripped  off  by  the  dofTer,  22  inches  in  diameter, 
which  is  finally  strip] ted  by  the  vibrating  comb. 
The  fleece  thus  stripped  from  the  doffer  is  formed 
into  a  sliver  by  being  drawn  through  a  revolving 
tube  by  means  of  a  pair  of  rollers  in  front,  at 
one  end  of  the  dofTer,  from  which  it  falls  u(>on 
an  endless  travelling  cloth,  which  conveys  it  to 
the  intermediate  card.  The  scribbler  card  works 
100  lb.  of  wool  per  day. 

The  sliver  delivered  by  the  scribbler  card  is 
formed  into  a  fleece  to  supply  the  intermediate 
carding  engine,  by  means  of  "  Appcrley's  feeder," 
wluch  lays  the  sliver  obliquely  across  the  travel- 
ling lattice  of  the  intermediate,  doubling  it  back 
and  forward  from  side  to  side,  to  form  a  conti- 
nuous fleece.  Thus,  a  great  many  ends  are  pre- 
sented to  the  feed-rollers  at  a  time,  which  is  favour- 
able for  uniformity  of  sultstance.  The  wool  is 
again  treated  by  two  7-inch  taker-in  rollers,  as  in 
the  first  card,  and  is  transferred  to  the  main  cylin- 
der, 45 £  inches,  with  four  rollers,  four  clearers, 
and  a  fancy  roller  ;  thence  it  passes  to  the  doffer, 
from  which  it  is  stripped  by  a  comb,  which  dis- 
charges it  as  a  thin  fleece  ujton  "  Ferrabee's 
feeder "  to  the  finisher  carding  engine  and  con- 
denser. The  object  of  this  feeder  is  to  lay  and 
deliver  the  fibres  crosswise  to  the  finisher  card, 
to  be  again  straightened  by  the  taker-in  rollers. 

Ferrabee's  feeder  is  a  system  of  travelling 
lattices,  of  which  the  upper  one  works  at  right 
angles  to  and  traverses  the  lower,  reciprocating 
from  side  to  side  ;  and  deposits  the  fleece  which  it 
carries  over  from  the  intermediate,  in  a  succes- 
sion of  thin  layers,  across  the  lower  lattice.  A 
sufficient  thickness  of  wool  being  in  this  manner 
deposited,  is  delivered  to  the  finisher  carding 
engine  from  tho  lower  lattice.  This  feeder 
answers  excellently  for  mixing  coloured  wools 
before  entering  the  finisher  card. 

The  finisher  carding  engine  and  condenser  Ls 
42  inches  on  the  wire ;  the  card  is  the  same 
iu  arrangement  and  dimensions  as  the  interme- 
diate card,  with  the  addition  of  Fairbairn's 
condenser. 

The  object  of  the  condenser  is  to  divide  the 
wool  fleece,  which  is  spread  uniformly  on  the 
dofter,  into  parallel  strips,  and  convert  them  into 
felted  slivers  or  bands.  The  novelty  of  Fair- 
bairn's condensers  consists  in  effecting  this  sejta- 
ration  by  dividing  the  clothing  of  the  doffer  into 
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strips,  parted  by  thin  steel  blades,  which  are  sta- 
tionary, to  divide  the  fleece  as  the  doffer  revolves 
towards  them.  The  divided  fleece  is  stripped 
by  a  smaller  3-inch  dofling  roller  in  front  of  the 
larger  doffer,  and  the  strips  pass  between  two 
endless  sheets  of  leather,  or  rubl>ers,  which  are 
stretched  on  pairs  of  rollers  hung  in  frames, 
having  a  transverse  alternate  motion.  The 
strips  are  hy  this  means  formed  into  slivers,  or 
condensed,  and  are  delivered  to  a  double  row  of 
bobbins,  one  above  the  other,  to  receive  the 
alternate  slivers,  and  to  complete  their  separation 
from  each  other.  They  are  wound  on  the  bob- 
bins by  surface  contact  with  two  revolving 
rollers.  The  condenser  delivers  forty  good  slivers 
or  threads,  with  two  waste  ends,  at  the  sides. 

Messrs.  Apperley  &  Co.,  of  Stroud,  Gloucester- 
shire, exhibited  their  diagonal  feeding  apjMiratus, 
which  has  been  deseril>ed  with  the  machinery  of 
Messrs,  Piatt  Brothers  k  Co.  ;  also  a  self-acting 
apparatus  for  oiling  the  wool  at  the  carding 
engine,  and  a  condenser. 

Messrs.  Ferrabee  k  Co.,  of  Stroud,  exhibited 
their  double-lattice  feeder,  just  dcserilanl. 

M.  Mercier  exhibited  three  carding  engines, 
having  50-inch  cylinders,  with  five  workers,  and 
five  strippers  ubout  a  fourth  of  the  size  of  the 
workers.  The  strippers  are  very  small,  and 
woollen  spinners  have?  various  opinions  as  to 
what  are  the  proper  sizes  of  rollers  and  workers. 
The  cylinders  are  built  of  wood  ;  all  the  other 
carding  cylinders  exhibited  were  nuule  of  iron 
— a  material  now  in  general  use  for  rollers 
and  cylinders  on  the  Continent,  ]«irticularly  in 
Belgium  and  Prussia,  as  well  as  in  England. 
Apperley  k  Clissold's  feeder  is  used.  With  these, 
a  novel  wool-combing  macliine  was  exhibited ; 
but  it  was  verv  seldom  at  work. 

■ 

Messrs.  Houget  k  Teston  exhibited  a  set  of 
two  carding  engines  with  iron  cylinders,  mounted 
with  six  rollers  and  six  strippers. 

M.  Martin,  of  Pepinster,  Belgium,  exhibited 
a  set  of  carding  engines,  the  principal  novelty 
in  which  was  the  application  of  a  second  fancy 
roller  on  the  top  of*  the  cylinder.  Both  fancy 
rollers  are  small  sized,  but  the  idea  is  a  good 
one,  and  might  with  advantage  be  frequently 
adopted.  The  cylinders,  doffers,  A'c,  run  in 
bearings  with  rocking  bushes,  to  adapt  them- 
selves to  the  shaft — a  plan  which  is  only  useful 
when  exactness  of  workmanship  is  wanting. 
The  bearings  of  the  workers  and  strippers  are 
covered,  to  keep  them  clear  of  flying  wool.  The 
feeder  is  somewhat  like  Ferrabee's  ;  the  wool  is 
received  on  an  endless  cloth  web,  to  the  requisite 
thickness,  when  it  is  wound  off  upon  a  roller. 

Mr.  Hartmann,  of  Chemnitz,  Saxony,  ex- 
hibited a  set  of  three  carding  engines,  in  which 
the  cylinders  and  rollers  were  much  smaller  than 
in  the  other  machines.  The  mode  of  feeding  is 
that  of  the  drum,  common  on  the  Continent,  in 
which  the  wool  from  the  first  card  is  rolled  on 
a  largo  drum.  When  the  desired  thickness  of 
fleece  is  attained,  it  is  cut  across,  at  two  places, 


into  two  equal  lengths,  each  of  which  is  equal 
in  length  to  the  width  of  the  next  feeding  board, 
uimui  which  the  pieces  are  placed  crosswise,  in 
order  to  present  the  fibres  sidewise  to  the  feeding 
rollers.  In  some  instances  the  drums  are  self- 
acting,  so  that  when  a  given  number  of  revolu- 
tions have  been  made,  they  open  outwards,  and 
so  break  and  unroll  the  fleece.  But  the  dram 
system  is  clumsy  and  wasteful,  and  requires  a 
good  deal  of  attendance. 

Condensers.  —  Besides  Fairbairn's  condensers, 
four  others  were  exhibited  by  Mr.  Apperley, 
Messrs.  Houget  k  Teston,  M.  Martin,  and 
M.  Mercier,  known  as  double-doffer  condensers. 
In  all  of  these,  two  stripping  rollers  are  applied, 
consisting  of  alternate  stripping-rings  and  blanks. 
The  first  roller  takes  oft*  alternate  strips  of  wool 
from  the  dofl'er,  and  the  second  roller  takes  oft' 
the  remaining  strips.  Difficulty  is  experienced  in 
getting  the  strippers  to  take  off  equal  strips 
of  wool,  as  the  first  is  likely  to  strip  more  than 
the  second,  especially  if  the  wool  be  long  and 
strong  in  fibre.  The  objection  could  be  remedied 
by  suitably  proportioning  the  stripping  surfaces 
and  blanks  ;  but  this  would  require  very  fre- 
quent adjustment,  as  wool  is  pre| tared  in  parcels 
or  batches  of  different  kinds,  weighing  only  2401b. 
each.  The  practical  result  is,  that  the  upper 
bobbin  of  wool  from  the  condenser  usually 
require  to  lie  spun  on  one  mule,  and  the  lower 
bobbins  on  another. 

Piecing  machines,  of  which  no  examples  were 
exhibited,  are  used  at  this  stage  of  the  process 
in  England.  They  are  never  used  on  the 
Continent 


CHAPTER  IH 

SPINNING  MACHINERY. 

MvXea. — M.  Mercier  exhibited  a  liand-mule 
in  operation.  It  was  deficient  in  construction 
and  workmanship,  and  was  much  inferior  to 
hand-mules  made  in  England. 

Mr.  Mason,  Rochdale,  exhibited  a  self-acting 
mule,  which  wjis  pretty  well  adapted  for  fine 
spinning,  but  was  too  light  in  its  parts  for 
general  usefulness.  The  various  and  numerous 
changes  necessary  for  wool-spinning,  are  made  in 
this  mule  by  means  of  straps  working  on  reverse 
cones,  which,  with  such  short  lengths  of  strap  as 
are  available,  do  not  give  by  any  means  jMwitive 
motions.  The  mule  is  fitted  with  a  double-speed, 
which  is  advantageous,  as  it  is  desirable  whilst 
the  thread  is  Wiug  drawn  to  twist  it  just  suffi- 
ciently to  prevent  its  breaking,  and  to  make  up 
the  additional  twist  when  the  carriage  arrives  at 
the  end  of  its  stretch,  for  which  purpose  the 
speed  of  the  spindle  is  increased. 

Messrs.  Piatt  Brothers  k  Co.  exhibited  a  self- 
acting  mule,  substantially  constructed,  embodying 
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several  improvements,  and  adapted  for  the  varied 
work  of  wool-spinning.  The  41  double  speed,''  or 
slow  and  fast  motion,  is  applied  with  two  rims, 
the  change  Wing  obUiined  by  a  traverse  of  the 
strap  and  two  rims,  without  the  aid  of  either 
countershaft  or  gearing ;  the  rim  out  of  action 
in  either  case  being  converted  into  a  carrier 
pulley,  and  retaining  the  double-banding  arrange- 
ment. There  is  a  motion  for  giving  out  the 
necessary  length  of  stubbing  to  be  spun,  so  con- 
nected with  the  cam-shaft  as  to  work  the  delivery 
rollers  simultaneously  with  the  drawing -out 
motion.  To  prevent  the  breaking  of  threads 
during  the  process  of  twisting,  when  they  become 
shorter,  a  receding  motion  is  applied,  which 
slowly  draws  in  the  carnage  one,  two,  or  more 
inches,  according  to  the  fineness  of  the  yarn  and 
the  degree  of  twist.  The  length  of  the  draw  of 
the  carriage  is  regulated  in  accordance  with  the 
nuining  up  of  the  yarn  and  the  recedence  of  the 
carriage. 

M.  Mercier  exhibited  some  spinning  machi- 
nery resembling  the  throstle  used  in  spinning 
cotton,  on  a  system  to  which  many  English 
spinners  of  wool  are  directing  their  attention. 
The  sliver  or  rove  from  the  condenser-lxibbin  is 
drawn  between  two  pairs  of  rollers  at  about  18 
inches  apart*  In  the  intermediate  s]>ace,  two 
small  rollers  with  fan-like  blades  are  applied  to 
beat  and  loosen  the  thread,  and  to  facilitate  its 
bfltng  drawn.  The  twist  is  given  after  the  thread 
leaves  the  second  pair  of  rollers,  from  which  it 
is  wound  on  a  bobbin  by  an  ordinary  flyer,  or, 
as  in  M.  Mercier's  machine,  in  the  form  of  a  cop, 
by  the  "  ring  and  traveller  motion."  The  thread 
produced  in  this  manner  is  "  wiry"  or  close ;  and 
the  machine  has  not  been  found  to  work  well  on 
very  coarse  or  very  fine  sizes  of  yarn. 

M.  Mercier  exhibited  a  machine  for  the  pro- 
duction of  "  tils  feutres," — threads  which  are  not 
spun,  but  felted.  The  sliver  from  the  condenser 
is  drawn  into  yarn  by  being  rublntl  tnjtween 
a  series  of  rollers  covered  with  linen  cloth.  The 
thread,  during  the  process,  is  moistened  by 
steam,  the  wool  having,  in  the  preliminary 
stages  of  manufacture,  been  damped  by  a  solu- 
tion of  soap  in  water, — not  oiled.  Under  this 
treatment,  the  larger  and  coarser  fibres  form 
the  core  of  the  thread,  and  are  enveloped  by 
the  finer  fibres,  which  improves  the  appear- 
ance of  the  thread,  making  it  look  finer  than  it 
really  is.  This  process  is  serviceable  in  working 
a  mixture  of  two  qualities  of  wool.  Beautiful 
specimens  of  cloth  made  from  this  kind  of  yarn 
were  exhibited  in  the  French  court.  It  remains 
to  be  proved  whether  this  machine  will  work 
economically :  the  linen  covering  for  the  rollers 
is  subject  to  considerable  wear  and  tear. 

Twisting  Machinery. — Twisting  or  doubling 
is  generally  done  on  a  common  mule  with  a 


uniform  instead  of  a  differential  motion  for 
drawing  out.  Several  machines  for  this  purpose 
were  exhibited,  but  none  of  them  were  at  work. 

Hosiery  Macliinery. — Messrs.  Maclcaife  March, 
Leeds,  exhibited  a  system  of  machinery  for  short 
hosiery  wool,  consisting  of  three  frames, — a 
cone  drawing  frame  of  eight  spindles ;  a  cone 
finisher  frame  of  sixteen  spindles ;  and  a  cone 
roving  frame  of  fifty-four  spindles.  They  were 
fitted  with  helical  gill-heads,  through  which  the 
sliver  or  roving  pisses  between  the  retaining 
and  the  drawing  rollers ;  and  with  a  cone  and 
differential  motion  for  regulating  the  speed  of 
the  bobbins,  so  as  to  wind  on  the  roving  as  it  is 
delivered  from  the  drawing  rollers,  without  ten- 
sion or  drag.  The  sliver  from  the  carding  engine 
is  passed  through  the  gill  of  the  drawing  frame, 
where  it  is  drawn  to  from  five  to  eight  times  its 
length,  slightly  twisted,  and  wound  on  bobbins. 
Three  or  more  roviugs  from  the  drawing  frame 
are  jxvssed  through  each  gill  of  the  finisher 
frame,  and  again  drawn  to  from  five  to  eight 
times  their  length,  with  a  little  additional  twist, 
and  wound  on  bobbins.  Two  rovings  from  the 
finisher  are  passed  through  each  gill  of  the 
roving  head,  again  drawn  five  U>  eight  times, 
and  twisted  a  little  more.  Thus  the  preparation 
for  the  spinning  frame  is  completed.  The  prin- 
cipal improvement  is  the  self-regulating  winding 
motion  for  the  bobbins,  by  means  of  which  the 
breaking  of  the  sliver  or  roving  is  prevented. 
On  the  Ordinary  system,  of  "  drag-roving,"  the 
rove  has  to  drag  the  Imbbin,  as  in  the  throstle 
for  cotton,  and  frequently  breaks  in  consequence, 
particularly  if  of  short  wool. 

Conclusion. — The  sujwriority  of  the  wool  ma- 
chinery exhibited  by  Mf?ssrs.  Piatt  Brothers  <fc  Co. 
in  design  and  workmanship  has  been  generally 
admitted.  Ferrabee's  feeder  was  remarked  for 
the  perfect  manner  in  which  it  mixed  and  equal- 
ized the  staple,  and  its  thorough  adaptation  for 
working  mixtures  of  coloured  wool  to  produce 
a  uniform  shade.  Fairbairn's  condenser,  also, 
was  very  simple  in  its  details,  auid  strongly  con- 
trasted with  the  foreign  condensers,  which  were 
loaded  with  wheels  and  other  gearing,  much  of 
which  was  not  essential,  whilst  it  made  the 
macliine  heavier  to  drive  tlian  Messrs.  Piatt's, 
and  was  noisy  and  clumsy  in  action. 

The  second  fancy  roller  employed  by  M.  Martin 
was  a  noticeable  and  creditable  adilition  to 
carding  engines, — that  is  to  say,  the  use  of 
two  in  succession  on  the  same  cylinder,  instead  of 
one  only  as  in  the  other  cards.  Since  the 
duplicate  fancy  rollers  were  exhibited,  the  design 
has  been  carried  out  and  tried  by  some  English 
manufacturers,  who  liave  reported  very  favour- 
ably upon  their  performance. 


Digitized  by  Google 
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MACHINERY  FOR  PREPARING  AND  SPINNING  FLAX,  HEMP,  AND  JUTE. 


CHAPTER  I. 

INTRODUCTION. 

The  sou-city  and  high  price  of  flax  for  several 
years  past  induced  manufacturers,  particularly 
those  who  manufacture  the  lower  qualities 
of  linen  yarn  and  cloth,  to  introduce  more 
extensively  the  cheaper  material,  hemp ;  and 
jilso,  more  especially,  jute,  hy  means  of  which 
the  requirements  of  trade  have  been  met  to  a 
largo  extent.  It  appears,  indeed,  from  the 
report  of  the  Jury  on  Class  19  (Flax  and  Hemp), 
that  the  manufacturing  industry  of  flax  and  hemp 
has  remained  almost  stationary  during  the  last 
eight  or  ten  years,  whilst  the  manufacture  of  jute 
has  l>een  rapidly  extended.  Though  flax,  they 
remark,  is  a  material  most  easily  adapted  for 
spinning  yarns,  being  producible  by  hand  lal>our 
quite  equal  to  silk  in  fineness ;  and  though  the 
raw  material  of  flax  in  the  state  of  fibre  is 
about  the  same  in  price  as  the  better  kinds  of 
cotton,  yet  the  yams  produced  from  flax  by 
machinery  apj>ear  to  cost  more.  It  is  oidy  with 
the  greatest  difficulty  that  flax-spinners  have 
been  able  to  produce  by  machinery  yarns  of 
extreme  fineness.  The  greater  cost  of  flax  yarns 
arises  from  the  practical  difficulties  of  converting 
and  working  the  raw  material.  The  great  ob- 
Steele  in  the  flax  fibre  is  the  excessive  quantity 
of  gum  which  it  contains,  and  which  is  not 
thoroughly  extracted  by  the  ordinary  steeping 
process  resorted  to,  to  purify  and  soften  the  fibre. 
When  this  obstacle  can  be  removed,  flax  may 
probably  be  as  easily  and  as  finely  spun  as  cotton. 
Under  existing  conditions,  flax  machinery  is 
required  to  be  made  decidedly  stronger  than 
cotton  machinery,  and  more  power  is  required  to 
work  it,  in  consequence  of  its  greater  resistance 
to  sliding  and  drawing, — the  basis  of  all  spinning 
operations. 

Tho  fibres  of  hemp  are  inferior  to  those  of 
flax  in  softness  and  minuteness,  and  are  still 
more  difficult  to  spin.  Jute,  besides  being  very 
cheap,  being  sold  at  prices  varying  from  2  Ad.  to 
5d.  ]M?r  lb.,  can  be  more  freely  spun  ;  and  this 
may  account  for  the  rapid  progress  made  in  jute 
manufactures.  Dundee  is  the  principal  seat  of 
this  rising  manufacture ;  the  raw  material  is 
employed  there,  either  pure  or  mixed,  to  make 
ordinary  brown  cloth,  but  more  especially  sack- 
ing, packing-cloth,  and  carpets.  The  jute  yarns 
used  for  carj>ets  are  of  the  richest  and  most 
varied  colours,  and  are  sometimes  used  in  con- 
junction with  cocoa  fibre.  The  consumption  is 
rei>orted  to  have  reached  40,000  tons  annually  ; 
and  there  are  upwards  of  35,000  spindles  at  work 
on  jute  in  Dundee  and  its  neighbourhood. 


The  manufacture  of  ropo  and  cordage  by 
machinery  has  occupied  the  attention  of  manu- 
facturers during  the  last  fifteen  years.  The 
machinery  exhibited  for  prei«aring  and  spinning 
hemp  into  roj>e  was  of  recent  introduction, 
and  it  excited  general  interest.  Where  it  lias 
gained  a  footing,  machinery  has  led  to  the  aban- 
donment of  the  old  hand-process — spinning  and 
laying  in  the  ropewalk — which  is  still  followed 
in  many  places  exactly  as  it  had  been  for  cen- 
turies practised  by  our  ancestors. 

Flax,  hemp,  and  jute,  are  spun  with  machi- 
nery on  the  same  principles,  but  with  differences 
in  size  and  proportions. 

Tropical  countries  abound  in  plants  contain- 
ing very  valuable  fibres  suitable  for  textile  pur 
poses,  which  would  be  largely  used  in  manufac- 
tures, if  the  fibre  could  be  economically  extracted. 
The  leaves  of  the  aloe,  the  plantain,  and  the 
pineapple,  possess  an  abundance  of  fibre,  which 
is,  in  the  green  state,  of  the  most  valuable  qua- 
lity. The  ordinary  processes  for  separating  fibre 
from  green  plants  are  primitive  and  rude, — 
pounding  with  a  mallet,  scraping  with  a  sluirp 
stick,  or  rib-bone,  or  piece  of  hoop-iron,  and 
washing  in  water,  by  which  a  few  pi  muds  of 
fibre,  like  Sisal  hemp,  or  the  pineapple,  are 
extracted — the  produce  of  a  days  laborious 
work.  The  fibres  of  plants  are  naturally  white 
and  soft  whilst  the  plants  are  in  a  green  or 
growing  state,  and  only  become  discoloured  anil 
hardened  by  desiccation  or  decay,  or  by  exjx>sure 
to  the  atmosphere  after  l)cing  cut.  The  juices 
and  gums  which  envelop  the  fibres  become  che- 
mically changed,  and  fixed  in  the  fibres  ;  and 
the  fibres  must  l*e  bleached  and  softened  for 
manufacturing  purposes.  Tlie  juices  and  gums 
are,  in  the  green  stite,  soluble  in  cold  water  ; 
and  it  has  been  (bond  that  if  the  leaves  or 
stalks  be  subjected  to  a  combing  and  hackling 
process,  with  a  free  application  of  water,  the 
extraneous  matters  are  washed  away  and  the 
pure  fibres  remain.  A  machine  l>ascd  on  this 
principle  was  exhibited,  and  will  l»e  descrilx*!  in 
the  following  cliapter. 


CHAPTER  II. 

FIBRE-EXTRACTING  AND  8CVTCHING  MACHINES. 

Sandford  A-  Mallorya  Fibre-extracting  Ma- 
dnne. — A  couple  of  small  and  unassuming 
machines  from  the  United  States,  the  invention 
of  Messrs.  Sandford  it  Mai  lory,  were  exhibited 
by  Mr.  Alexander  Guild, — one  for  scutching 
flax,  the  other  for  extracting  the  fibre  from  the 
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aloe  and  other  tropical  plants,  and  from  hemp, 
China  grass,  and  jute.  The  produce  of  a  day's 
lalnmr  of  a  native  of  Yutacan  is  said  to  l>e 
about  six  pounds  of  Sisal  hemp.  In  Spain,  a 
man  will  strip  six  to  eight  leaves  of  the  Agave 
Americana  in  a  <lay,  producing  three  or  four 
pounds  of  fibre.  Sandford  &  Mallory's  machine 
is  reported  to  l>e  capable  of  stripping  twelve  to 
fifteen  hundred  average-sized  agave  leaves  per 
day.    In  the  Philippine  Islands,  one  man  ex- 


tracts twenty-four  pounds  of  Manilla  hemp  in 
a  day  ;  the  machine  may  yield  ten  times  that 
quantity.  It  may  strip  six  to  eight  thousand 
leaves  of  the  pineapple,  or  of  New  Zealand  tiax 
(tig.  48). 

The  macliine  stands  on  a  frame  aljout  four  feet 
square.  It  contains  a  revolving  cylinder,  with 
an  elastic  covering,  as  india-rublwr,  armed  with 
teeth  and  scrapers,  placed  transversely,  and 
adapted  to  the  plant   to  be   stripped.  This 


Fio.  18. 


Sawdfoid  fc  MiLLoM's  Fnsi-BxtBACnxo  MicBisi,  exhibited  by  Mr.  A.  GutW,  DrlfMt. 


cylinder,  for  aljout  one-half  of  its  circumfe- 
rence, runs  in  contact  with,  and  drives  by  the 
contact,  an  endless  elastic  belt,  armed,  like  the 
cylinder,  with  teeth  and  scraj>ers,  and  adjust- 
able by  set  screws.  The  leaves,  or  stalks,  are 
fed  slowly,  and  firmly  held  by  a  jwiir  of  rollers, 
of  which  the  lower  is  fluted,  amd  the  upper  one 
is  elastic ;  and  are  expoMd  to  a  combined  comb- 
ing and  scraping  process  between  the  cylinder 
and  the  endless  band.  The  rollers  are  reversed 
when  they  have  taken  in  about  one-half  of  the 
leaves,  the  leaves  are  withdrawn,  and  the  uu- 
stripped  ends  arc  turned  into  the  machine,  to 


complete  the  stripping  of  the  fibres.  During 
the  Operation,  water  is  turned  on  in  streams 
over  the  leaves  within  the  machine,  and  through 
the  fibres,  which  effectually  removes  the  gums 
and  juices,  and  cleanses  the  fibres,  these  being 
withdrawn  white,  smooth,  and  flexible.  The 
machine  can  be  worked  by  one  man,  with  a 
labourer  to  cany  the  leaves  and  stalks ;  its 
weight  is  10  cwt,  ami  it  requires  loss  than  one 
horse-power  to  drive  it.  It  is  small  for  the 
work  it  can  do.  The  inventors  have  had  in 
course  of  construction  a  larger  machine,  suit- 
able for  stripping  fibres  seven  feet  long.  The 
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cylinder  is  30  inches  diameter,  and  the  breadth  j 
of  feed  Ls  1G  inches  ;  the  weight  is  11  cwt.,  the  j 
required  s{>eed  80  to  90  revolutions  {>er  minute. 

Flax-scutching  Machines. — Messrs.  Sandford  it 
Mallory  exhibited  a  scutching  machine,  which, 
was  the  same  in  principle  and  construction  as 
the  fibre-extracting  machine  :  it  was  the  first 
of  the  kind  tliat  was  made,  which  may  account 
for  its  inferior  construction  and  rather  slovenly 
performance.  The  cylinder  is  20  inches  dia- 
meter, with  a  20-inch  feed.  The  cylinder  is  an 
ojten  framework  of  four  iron  rings,  which  carry 
the  beaten  and  scrapers.  The  endless  band  is 
composed  of  strips  of  leather  which  carry  the 
beaters  and  scrapers,  and  allow  the  boon  or 
shove — the  hard  brittle  substance  separated 
from  the  fibres — to  full  through,  whilst  the  tow, 
or  waste  fibre,  is  thrown  out  at  the  end.  The 
flax,  retted  in  the  usual  way,  and  unbroken,  is 
held  in  a  light  wooden  holder,  and  delivered  in 
a  thin  layer  to  the  feed-rollers,  from  which  it 
{tosses  to  the  cylinder  to  be  stripped,  like  the 
fibre-leaves  in  the  other  machine,  but  without 
the  use  of  water.  It  is  stated  that  a  boy  and 
two  children  can  strip  100  lb.  {>er  day.  Flax 
scutched  by  this  machine  is  produced  even  and 
unbroken,  with  clean  ends;  the  produce  of  fibre 
Ls  20  per  cent,  of  the  gross  weight  of  the  straw, 
and  it  is  stated  that  the  yield,  on  the  hackle,  of 
flax  scutched  by  this  machine,  is  larger  than  that 
of  flax  scutched  by  other  processes.  The  {tower 
required  is  half  a  horse-- power.  A  sjhhhI  of 
150  revolutions  per  minute  Ls  sufficient  for  ordi- 
nary rotted  straw,  and  the  speed  is  varied  by 
means  of  change-wheel*. 

Messrs.  John  Rowan  «fe  Sons,  of  Belfast, 
exhibited  a  flax-scutcliing  machine,  which  has 
raised  considerable  exjtectations,  and  was  much 
noticed  in  the  Western  Annex.  It  has  the 
cylinder  in  two  parts  on  one  shaft,  3  feet  in 
diameter,  and  each  about  8  inches  wide,  with  ten 
beaters  and  one  comb  distributed  upon  the  cir- 
cumference. The  beaters  are  hinged  to  the 
cylinders,  for  the  purpose  of  giving  way  slightly 
on  striking  mid  breaking  the  straw.  The  comb 
has  eleven  triangular  teeth,  which  keep  the 
fibres  ojien  and  allow  the  Waters  to  scrajte 
off*  the  boon  or  shove.  The  cylinder  makes 
400  revolutions  {>er  minute  for  average  quali- 
ties of  straw  ;  it  is  moved  faster  for  hard  and 
why  straw,  and  slower  for  soft  straw.  It 
is  worked  by  two  persons,  and  will  clear  from 
1301b.  to  1601b.  of  flux  {ter  day.  A  "strick" 
of  flax  straw  is  passed  quickly  into  the  opening, 
where  it  Ls  subjected  to  the  action  <>f  the 
scutcher.  It  is  then  withdrawn  slowly,  turned 
over,  and  again  introduced.  Then  it  Ls  reversed, 
and  the  other  end  treated  in  the  same  manner. 
The  shove  falls  through  the  machine,  and  the 
tow,  or  "fly,"  is  collected  at  the  lxick.  The 
average  yield  by  this  machine  Ls  stated  to  be 
25  {ter  cent,  of  flax,  14  per  cent,  of  tow,  and 
Gl  {>er  cent,  of  shove.  The  tow  is  used  for  the 
manufacture  of  sacking. 


This  machine  Ls  similar  in  its  mode  of  action 
to  the  old-fashioned  "  scutching  liandlcs,"  in 
which  the  knives  or  beaters  revolve  on  an  axle, 
and  the  flax  Ls  presented  to  then-  action  over  the 
edge  of  a  board,  or  through  a  slit.  The  average 
yield  by  ordinary  scutching,  hi  this  manner,  is 
19  per  cent,  of  flax. 

M.  Mertens,  of  Gheel,  Antwerp,  exhibited  a 
machine  for  scutching  flax  and  hemp.  Two 
systems  of  Iteaters  revolve  on  two  axles,  making 
100  revolutions  j>er  minute,  between  which 
the  straw  is  introduced,  and  Ls  struck  alternately 
on  one  side  and  the  other.  The  straw,  previously 
broken,  is  fixed  in  and  sustained  by  metal 
clamps  ;  and  is  reversed  after  one  end  of  the 
strick  Ls  cleaned.  The  machine  is  worked  l»y 
eight  attendants,  and  the  produce  Ls  stated  l>y 
the  exhibitor  to  amount  to  50  lb.  {ier  man  {>er 
day. 

Messrs.  Rowan's  machine  is  found  to  be  ltest 
adapted  for  dealing  with  rough  strong  flax-straw, 
which  Ls  strong  enough  to  resist,  without  injury 
to  the  fibre,  the  lteat  of  the  knives :  these, 
though  they  are  hung  on  centres,  strike,  at  high 
Speeds,  with  a  hard  beat.  The  machine  is  too 
severe  upon  the  liner  qualities  of  flax,  breaking 
the  fibre,  without  entirely  cleaning  it  ;  whilst 
the  flax  requires,  in  many  cases,  to  Is;  {Missed 
again  through  the  old  machine.  The  construc- 
tors have  recently  introduced  some  improve- 
ments, hi  which  they  reverse  the  motion  of 
the  cylinder  and  feed  from  the  side.  M.  Mer- 
tens' scutcher  requires  the  flax  to  be  broken 
for  it,  which  is  objectionable  ;  and  it  has  not 
been  found  to  give  satisfactory  results  at  Belfast, 
where  it  has  been  tried.  Messrs.  Sandford  »fc 
Mai  lory's  scutcher  operates  differently  from 
either  of  the  others  in  not  having  a  hard  beat, 
the  flax  being,  in  a  manner,  lapped  round 
the  cylinder,  and  exjtosed  to  the  action  of  the 
beaten  or  senpen  through  half  the  circum- 
ference. The  principle  of  this  machine  is  likely 
to  prove  satisfactory,  and  to  provide  for  breaking 
and  removing  the  shove  without  injury  to  the 
fibre.  But  before  this  object  can  be  fully 
attained  by  the  machine,  particularly  the  break- 
ing of  the  straw,  it  would  require  to  be  better 
made  and  better  detailed. 

Messrs.  Sandford  it  Mallory  have  recently 
introduced  a  machine  for  breaking  flax  and  hemp 
straw,  which  acts  by  percussion  and  by  rubbing, 
and  is  different  in  principle  from  all  machines 
now  in  use  for  that  purpose.  In  existing  ma- 
chines, rollers  of  various  forms  are  used  for  break* 
Lug  or  bruising  the  straw  previously  to  scutching, 
— mostly  heavy,  fluted  rollers,  acting  more  as 
crushers  than  ais  breakers,  which  do  not  remove 
any  of  the  shove  from  the  fibre.  But  the  new 
breaker  consists  of  two  {wiirs  of  peculiarly  fluted 
rollers,  having  a  rapid  reciprocating  rotary 
motion,  vibrating  further  forwards  than  back- 
wards, whereby  the  straw  is  led  through  by 
degrees  into  the  machine.  The  nibbing  ami 
crushing  action  thoroughly  breaks  and  loosens 
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the  Iwxm,  and  tlio  machine  Ls  said  to  be  capable 
of  breaking  25  cwt.  of  flax-straw  j>er  day.  It 
removes  from  30  to  60  per  cent,  of  the  shove. 
What  remains  adheres  so  lightly  that  a  slight 
scutching  clears  it,  and  thus  a  large  percentage 
of  unbroken  fibre  is  obtained.  For  really 
practical  use,  there  is  no  scutcher  in  exist- 
ence equal  to  the  common  scutching  handles, 
or  "  mill  stocks,"  which  are  almost  universally 
used  in  Ireland  ;  and  what  is  most  urgently 
required  to  make  them  complete  is  a  machine 
like  the  one  described,  for  thoroughly  breaking 
the  straw  previously  to  its  being  placed  in  the 
scutcher,  that  the  tibro  may  bo  more  mildly 
treated. 

As  for  scutching  machines,  what  Ls  wanted  is, 
not  a  machine  for  largo  mills  and  factories,  but 
a  cheap  portable  machine,  suited  to  the  wants 
of  the  fanner.  In  a  good  season  the  existing 
mills  cannot  overtake  the  work,  and  flax  lies 
occasionally  twelve  months  before  it  can  have  its 
turn  at  the  scutchers. 


CHAPTER  III. 

FLAX   MACHINERY  EXHIBITED  BY  MESSRS. 
SAMUEL  LAWSON  AND  SONS,  LEEDS. 

Messrs.  Lawson  «fc  Sons  exhibited  a  system  of 
preparing  and  spinning  machinery  for  flax,  with 
rope-spinning  machinery. 

1 .  Flax-dressing  or  Hackling  Machine. — This 
machine  is  double  ;  it  Is  on  Horner's  system, 
with  six  tools,  adapted  for  dressing  long  flax 
from  twenties  to  thirties.  It  is  of  the  intersect- 
ing kind,  dressing  both  sides  of  the  strick  at  once. 
The  hackles  do  not  dress  so  closely  up  to  the 
holder,  nor  cut  so  well,  as  in  Lowry's  machine. 
The  chief  advantage  consists  in  the  method  of 
stripping  the  tow  from  the  pins,  in  which  wood 
stripiier  rods  are  used  in  place  of  the  ordinary 
brush  and  doffer;  the  rods  do  not  go  round  the 
entire  sheet,  as  in  the  old  flat  or  oblique  machines, 
but  revolve  with  the  lower  sheet  wheels,  falling 
in  lxdiind  every  hackle  on  the  sheet,  and  clearing 
the  tow  with  them  in  the  course  of  revolution. 
Loose  tow  fibres  that  escape  the  strippers  are 
caught  by  a  row  of  long  pins  or  M  tow-catchers," 
which  are  turned  over  at  every  descent  of  the 
trough,  to  let  fall  the  tow  collected  by  them. 

2.  Carding  Engine. — This  engine  is  for  tows 
for  forties  to  fifties  yarns.  It  luis  two  doficrs, 
eleven  pairs  of  rollers,  and  one  feeder  with  eon- 
cave  Imr  ;  the  concave  bar  is  sometimes  used  for 
feeding  short  tow  instead  of  the  second  feeder, 
in  order  to  feed  closer  up  to  the  cylinder.  The 
rollers  have  the  ordinary  leather  clothing,  and 
the  cylinder  with  the  pins  set  in  w»h*1  segments. 
Wood  clothing  is  of  recent  introduction ;  it  is 
cheaper  and  more  easily  repaired  than  leather. 
The  dead  wood  and  the  clastic  leather  work 


well  together,  fully  as  well  as  wood  and  wood, 
or  leather  and  leather.  The  slivers  pass  over 
a  circular  gill  drawing-head,  thence  with  a  short 
draught  to  the  drawing  rollers,  thence  to  the  de- 
liver}' rollers,  where  tlio  slivers  may  be  united 
so  as  to  fall  into  one  can. 

3.  Grirnstoris  Dolling  Machine. — This  machine, 
for  thread  or  twine,  differs  from  the  ordinary 
macliine  in  nearly  all  its  movements.  In  the 
ordinary  lulling  machine  the  uncertainty  of  the 
weight  of  the  balls  or  clues  when  on  the  spindles 
is  a  source  of  trouble  and  delay,  as  they  require 
to  bo  pulled  off  from  time  to  time  to  check 
the  weight,  and  final  exactness  of  weight  is  not 
always  arrived  at.  For  the  purjsise  of  regulating 
the  size  and  weight  of  the  lull,  the  new  machine 
Ls  fitted  with  a  graduated  index-plate,  with  a 
|*>inter,  which  is  fixed  on  the  end  of  a  shaft 
carrying  two  cams,  one  underneath  the  spring 
handle,  the  other  in  connection  with  the  l»elt- 
fork.  The  pointer  having  Wen  set  to  the 
number  on  the  index-plate  convsjMmdiug  to  the 
size  of  ball  required,  the  machine  is  set  in  motion, 
and  the  cams  and  the  |>ointer  an;  moved  round 
until  the  spring-handle  is  lifted  out  of  the  notch 
by  which  it  is  retained.  The  spindle-frame  be  jig 
thus  set  at  liberty,  it  is  pulled  round  by  a 
weight  to  the  proper  angle  to  receive  the  cover  or 
last  layer  of  tlircad  ;  when  this  coating  is  com- 
pleted, and  the  ball  lias  attained  its  full  weight 
and  dimensions,  the  l>elt  is  thrown  oil'  by  means 
of  the  second  cam,  and  the  machine  is  stopped. 
The  machine  is  fitted  with  three  spindles  in 
place  of  two,  the  usual  numljcr,  for  which  the 
driving  tajies  are  suitably  arranged.  The  degree 
of  closeness  of  the  winding  is  readily  adjustable. 
It  may  be  all  close,  or  all  open  ;  or  it  may  be 
open  until  the  last  layer  is  applied  close  and 
compact. 

4.  Self-acting  Yarn  Heel. — This  machine  has 
the  side  cam  and  Ixdance  lever  to  stop  the  swift 
when  the  yarn  breaks,  or  at  the  end  of  a  lea, 
similar  to  the  sclf-iicting  stopping  motions  in 
cotton-spinning  machines.  it  is  divided  into 
heads  of  five  bobbins  each,  with  one  attendant 
to  four  heads.  The  collapsing  motion  of  the 
swift  is  the  invention  of  the  late  Mr.  Edward 
Lawson  and  Mr.  G.  Jennings.  To  remove  the 
yarn  in  ordinary  reels,  it  is  slackened  off  by 
collating  the  swift  on  its  entire  circimifcrcnce. 
In  Messrs.  Lawsou's  reel  the  same  object  is 
effected  by  collapsing  only  one  segment,  which 
simplifies  the  construction. 

The  rope  machinery  exhibited  comprised  a 
Spreader  and  spinning  frame. 

o.  Spreader. — The  spreader  is  of  the  usual 
construction,  having  two  slivers,  one  as  a  first 
ih-awing,  the  other  as  a  second  drawing,  with 
screw  gills.  The  front  rollers  are  not  turned 
out  of  solid  wood  as  usual,  but  have  a  hollow 
iron  roller  shrunk  upon  the  axle,  with  wooden 
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lags  or  segments  fastened  to  it,  which  makes  a 
more  lasting  roller.  A  ]«iir  of  small  rollers  are 
placed  close  in  front  of  the  drawing  roller,  to 
prevent  the  wiry  fibres  lapping  on  it  The 
drawing  rollers  are  weighted  by  means  of  a 
parallel  motion,  designed  by  Mr.  John  Lawson 
and  Mr.  Stephen  Cotton,  to  keep  the  centres  of 
the  rollers  in  a  vertical  line  as  they  become 
reduced  in  size  by  the  trueing-up  process.  The 
motion  acts  very  well,  and  supersedes  the  old 
plan  of  guide-slots  or  levers. 

6.  Spinning  Frame.  —  This  frame  has  four 
vertical  spindles  driven  by  broad  leather  belts  in 
preference  to  gearing,  to  reduce  the  wear  and 
tear,  and  the  liability  to  breakage  at  a  high 
speed,  when  a  considerable  degree  of  j>ower  is 
required  to  drive  large  spindles  with  heavily 
dragged  bobbins.  If  the  ordinary  nipper  l>e 
choked  by  lumps  in  the  yarn,  and  the  spindle  is 
unable  to  pull  them  through,  the  belt  slips  and 
saves  breakage.  But  the  new  nipper,  betwixt 
the  drawing  roller  and  the  spindle-head  bar,  Ls 
so  put  together  that  the  top  rests  on  the  liottom 
cross-bar,  and  continues  to  do  so,  whilst  the  yarn 
passes  through  of  the  right  size  ;  though  the  top 
gives  way  freely  and  is  slightly  raised  to  pass 
lumps  or  irregular  thicknesses  in  the  yarn. 
Whereas,  by  the  old  method,  the  top  is  held  down 
by  means  of  set  screws  and  springs,  which  are 
not  so  delicate  in  action.  If  the  spindles  make 
800  revolutions  per  minute,  spinning  twenties 
yam  weighing  3i  lb.  for  170  fathoms,  they 
would  turn  off  about  300  lb.  j>er  day — as  much 
as  is  spun  by  three  men  in  the  ropcwnlk.  At 
a  higher  speed  more  yam  can  Ik;  turned  off;  but 
liettcr  yarn  can  lie  produced  at  the  lower  speed 
with  less  wear  and  tear  of  the  machine. 


CHAPTER  IV. 

FLAX  MACHINERY  EXHIBITED  BY  ME8SKS.  JAMES 
COM  UK  AND  CO.,  BELFAST. 

Messrs.  Combe  <fe  Co.  showed  machinery  for 
liackling  and  preparing  flax  for  yarn  from  30  to 
GO  lea,  a  tow  lap  machine,  and  cop  winding 
machines. 

1.  Long-line  Hackling  Machine. — This  ma- 
chine is  six-tooled,  G  feet  wide  for  long  line  flax, 
with  lifting  holders.  It  has  vertical  sheets,  and, 
instead  of  the  ordinary  sheet-liars,  the  hackle* 
sticks  arc  flxed  on  the  sheets,  which  thus  run 
lighter,  and  may  be  driven  at  any  speed  with- 
out noise  or  vibration.  The  tow  is  stripped  off 
the  hackle-pins  by  means  of  stripper  bars  that 
fall  into  the  s|»aees  between  the  liacklc-stocks 
whilst  cutting,  and  rise  from  them  at  the  outside 
of  the  sheet, — superseding  the  brush  and  the 


doffer,  which  are  unnecessary,  except  for  very- 
fine  work.  This  machine  is  simple  and  effective, 
and  hackles  close  up  to  the  holder ;  and  it  is 
capable  of  doing  a  great  quantity  of  work. 

2.  Long-line  Spreader. — This  is  a  spreader  or 
first  drawing  with  six  slivers  for  long-line  flax, 
for  30  to  50  lea  yams.  The  machine  is  suited 
for  working  in  the  manner  which  has  lately  come 
into  extensive  use  in  Ireland,  for  making  first- 
class  yams,  the  main  feature  of  which  Ls  to  pro- 
duce a  uniform  and  level  yam  by  light  spreading 
and  a  great  number  of  doublings.  There  is  a 
good  arrangement  for  receiving  the  fallers  as 
they  pass  from  the  upper  to  the  lower  screw. 

3.  Drawing  Frame. — Second  drawing,  of  two 
heads  with  six  slivers  each.  To  complete  the 
system,  there  is  a  third  drawing  frame,  of  three 
heads,  with  eight  slivers  each,  which  was  not 
exhibited.    It  precedes  the  roving  frame. 

4.  Having  Frame. — This  is  a  frame  of  GO 
spindles,  for  lxjbbins  8  inches  by  4  inches.  It 
completes  the  system  of  preparing  machinery. 
The  principal  novelty  consists  in  the  use  of  an 
expanding  pulley,  the  invention  of  Mr.  James 
Combe,  for  varying  the  sjieed  of  the  bobbin  as 
the  rove  is  wound  upon  it,  instead  of  the  usual 
conical  drum.  The  pulley  consists  of  a  double 
cone,  or  more  proj>erly  of  two  interlocking  cones, 
in  the  groove  formed  by  which  the  driving-band 
runs.  The  diameter  of  the  working  groove  is 
varied,  and  consequently,  also,  the  speed  of  the 
bobbins  driven  from  it,  by  bringing  together, 
or  by  parting  the  coin's.  By  means  of  the 
expanding  pulley,  a  more  complete  and  better 
lwbbin  is  made ;  it  gives  a  steadier  motion  than 
the  conical  drum,  upon  which  the  belt  is  liable 
to  slip,  and  a  ]ierfectly  regular  take-up  of  the 
rove  by  the  bobbin  after  leaving  the  front  roller, 
without  draught,  which  is  of  great  importance  for 
the  long  fibres  in  flax  slivers.  In  the  expanding 
pulley,  the  driving  band  works  and  bites  in 
a  wedge-form  groove. 

5.  Tow-lap  Machine.— The  function  of  this 
machine  is  to  wind  tow  slivers  into  a  lap  -4 
inches  diameter  by  20  inches  wide,  for  feeding 
carding  engines.  It  is  driven  from  the  centre, 
and  not,  like  most  other  machines,  by  surface 
contact,  which  ensures  a  regular  and  firm  lap. 
It  is  fitted,  like  the  roving  frame,  with  the 
expanding  pulley,  to  decrease  the  revolutions  of 
the  lap  as  the  diameter  Is  increased,  maintaining 
the  surface  ait  a  uniform  sjieed.  In  other  ma- 
chines, the  sjH'ed  is  reduced  abruptly,  and  but 
once,  by  shifting  the  belt  to  another  pulley 
working  into  slower  gearing. 

G.  Cop -Winding  Machines. — The  object  of 
these  ingenious  machines,  which  are  on  Coju1k>, 
Smallpage,  «fc  Combes  jwtent,  is  to  do  away 
entirely  with  the  wooden  "pirns,"  or  spools,  cm- 


Digitized  by  Google 


KOPE-SPINNING  MACHINERY. 


81 


ployed  to  receive  the  yam,  by  winding  it  direct 
on  the  spindles.  The  6-inch  pitch  machine  is 
as  made  for  coarse  work  ;  it  contains  24  spindles, 
to  make  cops  2  inches  diameter  and  1(H  inches 
long  ;  the  finer  one  has  40  spindles  3  inches  pitch, 
to  make  cops  1  ^  inch  diameter  and  6  J  inches  long. 
The  yam  is  laid  on  to  the  spindle  with  a  short 
quick  traverse,  giving  the  starting  end  of  the  cop 
a  conical  form.  The  cop  presses  with  its  conical 
surface  in  a  conical  cup,  having  a  slit  down  one 
side  for  the  introduction  of  the  yam  to  form  the 
cop.  As  the  cop  grows,  in  the  conical  cup, 
it  depresses  itself  and  the  spindle  until  it  has 
acquired  the  proper  length,  when  it  presses 
down  a  stop-wire,  and  disengages  the  spring- 
cluteh  which  stops  the  spindle.  The  pressure  on 
the  cop  during  its  growth  communicates  to  it 
the  compactness  and  solidity  necessary  to  keep 
it  in  shape  after  the  spindle  is  withdrawn.  The 
cop  when  finished  is  a  hollow  cylinder,  conical 
at  the  end,  with  a  hole  the  size  of  the  spindle  ; 
and  the  yarn  may  be  unwound  either  from  the 
inside  or  the  outside.  The  spindles  arc  driven 
by  gearing ;  each  spindle  is  complete  in  itself, 
and  iiide]>endent  of  the  others,  and  stops  when 
the  yam  breaks,  before  the  end  disappears  in  the 
cup. 

The  cojw  made  by  these  machines  may  be  used 
for  Wixp  or  for  weft.  For  weft,  they  are  packed 
tightly  into  the  shuttle,  lengthwise  and  laterally; 
and  two  and  a  half  to  three  times  the  quantity 
is  thus  charged  that  can  be  got  in  on  the  ordi- 
nary pirn  or  spool.  The  running-off  of  the 
thread  is  smooth,  and  the  delivery  is  not  checked 
as  commonly  happens  with  pirns  when  nearly  ran 
out  by  the  coiling  of  the  weft  round  their  stems  j 
preventing,  accordingly,  loss  of  production  by 
stopimges,  and  irregularities  in  the  selvages  of 
the  cloth.  The  new  cop  also  is  formed  at  a  less 
cost  than  the  old  one,  and  does  away  entirely 
with  the  stock  of  weft  bobbins  otherwise  indis- 
jH'nssible.  When  used  for  waqts,  the  cumbersome 
and  unwieldy  bank  or  bobbin- creel  is  not  re- 
quired ;  its  place  is  supplied  by  a  solid  wall  of 
raps  facing  the  back  of  the  warping  or  dressing 
machine. 


CHAPTER  V. 

ROPE-SPINNING  MACHINERY. 

Messrs.  Peter  Fairbairn  «fc  Co.,  of  Leeds,  ex- 
hibited a  system  of  substantial  rope-spinning 
machinery,  either  for  Manilla  or  Russiau  hemp. 
A  spreading  table  of  two  slivers  ;  second  draw- 
ing of  four  slivers  ;  gill-spinning  of  four  spindles 
for  heavy  yams,  and  one  of  eight  spindles  for  the 
lighter  sorts, — say,  from  thirties  to  forties,  cablo 
yam.  Two  reception  cans  are  placed  in 
front  of  each  head  or  carriage  for  the  purpose 
of  receiving  the  fallers  or  hackle-bars  as  they 
are  lowered  to  the  bottom  screw, — preventing 
noise  and  wear  of  slide  ends  with  heavy  fallers. 
The  spindles  are  driven  by  gearing,  which  makes 
a  uniform  twist.  In  the  fine-spinning  frame 
two  kinds  of  front  pressing  rollers  are  shown, — 
of  wood  ;  and  of  leather  in  strijjs  on  edge, 
bound  together  with  a  bolt  and  nut.  At  Chat- 
ham dockyard,  where  many  of  these  machines 
are  at  work,  wood  is  considered  to  be  the  best 
material  for  the  pressing  rollers  of  first  and 
second  drawings,  and  leather  on  edge  for  those 
of  the  spinning  machines. 

Mr.  George  H.  Sanborn,  of  Boston,  U.S.,  ex- 
hibited a  rope  and  cord  making  machine.  The 
rope  is  formed  by  twisting  a  number  of  strands 
together,  according  to  the  thickness  of  the  rope 
required.  The  machine  exhibited  was  con- 
structed for  nine  strands,  which  were  carried  by 
and  wound  on  bobbins  hung  in  groups  of  three, 
on  three  flyers,  each  flyer  having  three  spindles 
or  bobbins,  and  being  driven  separately  from  the 
main  shaft  by  gearing.  The  flyers  rotate  in  the 
direction  opposite  to  that  of  the  twist  originally 
imparted  to  the  strands,  thereby  "  rapping"  tho 
ro|>e,  —  making  two  op]>osite  twists,  which  in- 
duce the  strands  to  grasp  each  other,  and  prevent 
any  tendency  to  unloose.  Tho  three  threefold 
strands  thus  produced  arc  twisted  round  each 
other  agaiu  in  a  reverse  direction,  and  a  second 
rapping  is  effected ;  after  which  tho  rope  is 
received  on  a  roller. 


SECTION  IV. 

MACHINERY  FOR  THE  PREPARATION  AND  SPINNING  OF  SILK. 


Silk  machinery  is  very  simple  and  very  tiny. 
There  is  no  preparatory  machinery  required  for 
silk  as  there  is  for  cotton.  Silk  is  imported  into 
England  in  hauks,  wound  direct  from  the 
cocoons,  occasionally  thousands  of  yards  in  con- 
tinuous lengths.  But  silk  is  measured  by  weight, 
not  by  length.  The  most  important  and  most 
extensive  series  of  machinery  for  the  manufac- 
ture of  silk  was  exhibited  by  Messrs.  Wren  and 
Hopkinson,  of  Manchester. 


L  SWc-windiTig  Macldne. — The  object  of  this 
machine  is  to  wind  the  silk  from  swifts  of  32 
inches  diameter,  as  used  for  the  winding  of  silk 
from  Italy  and  Bengal.  The  machine  is  made 
with  from  90  to  100  spindles,  on  which  the  bol>- 
bins  are  fixed  ;  they  are  placed  horizontally,  and 
are  turned  by  friction-wheels  on  a  winding  shaft, 
which  makes  40  revolutions  per  minute,  and 
turns  tho  bobbin  spindles  200  times  per  minute. 
Should  the  silk  be  entangled,  the  bobbins  being 
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driven  only  by  friction,  are  stopped  without 
breaking  the  fibre,  until  the  silk  is  examined 
aud  rectified.  The  bobbins  are  2  inches  in  dia- 
meter and  2f  inches  long,  and  there  is  a  diffe- 
rcntial  motion  by  a  sun-and-planet  arrangement 
with  a  crank  motion,  to  traverse  the  fibre  on 
the  bobbin  and  cross  the  silk,  and  prevent  it 
"cutting  under"  at  the  ends.  For  the  long 
hanks  of  strong  silk,  imported  from  China,  a 
larger  machine,  known  as  the  "Canton 
maclune,"  is  used,  suitable  for  swifts  of  48 
inches. 

2.  Silk-cleaning  Jfacltine. — There  are  thick 
portions  in  silk  fibre,  which  may  be  two  or  three 
yards  long  ;  and  it  is  needful  by  means  of  this 
machine  to  detect  and  remove  irregularities 
and  knots  in  the  thickness  of  silk  after  it  is 
wound.  Bengal  silk  usually  requires  this  treat- 
ment. For  this  purpose  the  silk  is  passed  from 
the  winding  bobbin  to  the  cleaning  bobbin 
between  the  edges  of  a  steel  cleaner  ;  being,  in  j 
fact,  a  slit,  adjustable  by  screws  to  pass  the 
maximum  thickness  allowed,  and  to  intercept 
fibre  of  extra  thickness.  Tho  attendant  breaks 
off  the  intercepted  |>ortiou  and  rejoins  the  i 
thread  by  a  knot,  which  is  not  found  objection- 
able amongst  a  number  of  fibres.  The  action  | 
of  the  silk  cuts  the  edges  of  the  slit  and 
destroys  its  function  ;  and,  in  place  of  the  slit,  a 
|«ur  of  adjustable  horizontal  steel  rollers  are 
iu  some  cases  employed,  which  are  better.  The 
fibre  is  traversed  on  the  bobbin  by  means  of 
mangle-wheel  gear,  driven  by  the  l>obbin  sliaft, 
from  which  an  alternate  motion  is  given  to  a 
sector,  driven  by  a  pinion  on  the  mangle-wheel 
shaft ;  from  the  upper  end  of  the  lever  canying 
the  sector,  a  pair  of  slide  rods  receive  an  alter- 
nate motion,  carrying  with  them  the  glass  rings 
which  guide  the  fibres  to  the  bobbins.  But  the 
traverse  must  be  varied  in  extent,  to  prevent  the 
fibres  from  cutting  under ;  and  to  effect  this 
variation  of  traverse,  the  centre  bearing  of  the 
lever  which  carries  the  sector  is  placed  on  an 
axle  with  eccentric  bearings,  which  being  slowly 
revolved  by  a  worm  motion  not  coinciding  with 
the  periods  of  traverse,  the  centre  of  the  lever 
is  thrown  over  a  little  to  one  side  and  the  other, 
varying  thus  the  traverse  of  the  thread. 

3.  SWc-tizing  Macltine. —  This  machine  is 
usually  made  with  12  bobbins,  on  Atwood  &  ' 
Leigh's  patent  It  is  ingeniously  contrived  to 
assort  the  silk  into  four  sizes,  according  to 
the  thickness  of  the  thread,  as  silk  naturally 
tapers  from  end  to  end  of  the  cocoon.  The 
fibre  is  passed  successively  right  and  left,  over 
ami  between  a  scries  of  seven  rollers,  arranged 
vertically  upon  each  other,  and  separately 
balanced  on  the  ends  of  counterweighted  levers. 
The  object  of  the  successive  passage  of  the  fibre 
between  these  rollers  is  to  multiply  six  or  seven 
times  any  change  of  thickness,  to  render  it  , 
obvious  at  the  end  of  a  long  index-lever,  which  | 


'  rises  or  falls,  and  is  forked,  with  two  pins,  which 
j  vibrate  behind  a  notched  upright  bar,  and  sup- 
'  port  it  vertically,  until  one  or  other  pin  arrives 
j  at  a  notch  on  one  side  or  other  of  the  bar.  The 
!  bar  falls  back,  the  pin  slipping  through,  and  lets 
J  go  a  lever,  which  lifts  the  receiving  bobbin  off 
its  bearings  on  the  driving  friction-wheel,  when 
it  stops.    The  bobbin  is  then  changed,  and  the 
fibre  passed  to  a  fresh  Iwbbin.  The  main  driving 
shaft  makes  40  revolutions  per  minute,  and  the 
receiving  bobbins  160  per  ininute. 

4.  Spinning  Maclrine. — This  machine  is  made 
with  from  200  to  500  upright  spindles,  which 
make  4,500  revolutions  per  minute.    The  object 
is  to  spin  or  twist  the  single  threads  of  raw  silk 
before  doubling  them.     The  bobbins  from  the 
sizing  machine  are  placed  on  the  upright  spindles 
and  revolve  with  them  ;  the  silk  fibre  is  with- 
drawn from  the  bobbins,  and  make*  a  turn 
round  an  intermediate  roller,  to  preserve  the 
twist,  which  is  put  into  the  fibre  at  the  rate  of 
twenty  twists  per  inch  of  length,  and  passes  on 
through  a  glass  guide  to  the  larger  bobbins,  2£ 
inches  iu  diameter  and  3£  inches  long,  placed 
horizontally,  and  turned  by  gearing  to  ensure 
regularity  of  twist.    Sometimes  the  horizontal 
bobbins  are  turned  by  the  friction  of  their  own 
circumference  on  small  rollers  covered  with  cloth ; 
and  the  upright  spindles  are  turned  by  the  friction 
of  an  endless  strap ,  passed  round  tho  machine, 
and  directed  to  rub  against  the  spindles.  This 
mode  is  specially  applicable  for  the  puqiose  of 
crape-spinning.    The  traverse  of  the  twisted 
fibre  on  the  bobbin  is  effected  by  means  of  a  pair 
of  oval  wheels,  which  give  a  uniform  speed  of 
traverse  and  a  straight  bobbin.    The  upright 
spindles  are  ranged  in  two  or  more  rows,  with  a 
tin  roller  between  them,  from  which  they  aro 
driven  by  cords,  as  in  the  cotton-spinning 
frames. 

5.  Doubling  Madiine. — The  doubling  machine 
winds  and  lays  evenly  together  two  or  more 
threads  of  silk  from  the  spinning  machine,  pre- 
]varatory  to  their  being  twisted  together  in  tho 
throwing  machine.  The  main  shaft  makes  50 
turns  j>er  minute  ;  the  bobbins,  turned  by  fric- 
tion, 200  turns  per  minute.  There  is  a  self- 
acting  contrivance,  not  unlike  the  balanced  levers 
of  tho  cotton-drawing  frames,  for  stopping  the 
required  bobbin  when  any  one  of  the  contribu- 
tory fibres  breaks ;  in  tins  case,  tho  attendant 
pieces  up  the  broken  thread,  and  sets  the  appa- 
ratus again  in  gear. 

G.  Throwing  MacJiine. — On  this  machine  tho 
doubled  threads  are  twisted  or  spun  together, 
their  bobbins  revolving  on  upright  spindles,  as  in 
the  spinning  machine,  and  making  from  3,000 
to  4,000  turns  per  minute.  The  spun  threads 
are  wound  on  reels  43  inches  in  circumference, 
fifteen  to  each  reel  j  and  there  are  from  six  to 
twelve  reels  on  a  frame.  As  each  reel  is  filled,  it 
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gives  notice  by  striking  a  beiL  Silk  is  sometimes 
thrown  by  means  of  the  spinning  machine, — the 
silk  being  reeled  into  hanks  on  a  reeling  machine, 
by  hand  or  power. 

7.  Stringing  or  Glossing  Mac/tine. — This  ma- 
chine is  designed  for  straightening  and  stretching 
ailk,  wool,  or  cotton,  in  hanks.  The  yarn  is 
confined  in  a  steam-tight  case,  and  stretched 
between  two  crooks,  one  of  which  is  secured  to 
the  upper  part  of  the  case,  and  the  other  is  in 
direct  connection  with  a  piston  in  a  cylinder  with 
a  steam  pressure  of  30  lb.  per  square  inch  upon 
it,  as  the  stretching  force.  By  the  direct  action 
of  steam,  a  powerful  strain  is  more  promptly 
brought  to  bear  upon  the  yarn  than  by  the 
method  of  screws.  At  the  same  time,  a  jet  of 
steam  is  thrown  into  the  case  to  heat  the 
material,  and  gloss  the  silk  threads  whilst  under 
tension.  This  machine  is  designed  specially  for 
operating  on  silk,  which  becomes  permanently 
stretched  a  tenth  of  its  length. 

8.  So/lor  Dyed-SUkWindingMacJiine.—li\  this 
machine,  silk  thread  is  wound  from  the  dyed 
hank  ou  bobbins,  making  200  turns  per  minute, 
in  readiness  for  warping  or  making  into  shuttle- 
pirns  by  hand  or  by  the  pirn-winding  machine. 
As  in  all  the  other  winding  machines,  it  is  of 
importance  that  the  thread  should  be  wound 
upon  the  bobbins,  to  prevent  the  ends  from 
cutting  under ;  and  for  this  purpose  a  motion  is 
employed,  like  that  alreadv  described,  of  a  lever 
with  a 


Messrs.  Wren  &  Hopkinson  exhibited  also  an 
assortment  of  machinery  for  manufacturing 
cotton  and  sewing  thread,  us  follows : — 

9.  Throstle. — There  are  two  novelties  con- 
nected with  the  working  of  the  top  rollers,  of 
which  there  are  three.  In  the  first  place,  instead 
of  the  fixed  grooves  ait  in  metal,  the  ends  of 
the  rollers  are  guided  by  and  turned  between  a 
pair  of  disc  surfaces,  capable  of  being  turned 
or  shifted  round  on  their  centres,  so  as,  when 
worn,  to  present  fresh  unworn  surfaces  to  guide 
the  rollers.  Again,  the  top  rollers  are  held  down 
by  weights  slung  in  endless  bands,  which  revolve 
upon  the  bearings  of  the  rollers,  to  do  away 
with  the  friction  of  the  dead-weights  hung  on 
the  usual  stationary  hooks.  The  bolster-rails 
are  moved  by  a  novel  arrangement  of  a  mangle- 
wheel  and  quadrant  motion,  which  effects  a 
balance  of  the  rails  on  the  two  sides  of  the 
machine ;  and  by  means  of  the  curves  of  the 
lifting  quadrants,  the  barrel-shape  of  the  full 
bobbin  is  said  to  be  produced  more  correctly 
than  from  the  ordinary  heart-motion.  The  feet 
of  the  spindles  run  in  steps  which  are  con- 
ltly  adjustable  when  worn. 


10.  Cotton-Doubling  Machine. — To  twist  two 
or  more  strands  of  yarn  together  for  sewing 
thread,  or  for  lace -weaving.     The  thread  is 


i  jiassed  through  water  for  double-twisting ;  if  not 
wetted,  it  does  not  retain  the  twist.  For  twist- 
1  ing  two  threads  together,  the  bobbins  make 
!  5,000  turns  per  minute.  The  motions  are 
similar  to  those  of  the  throstle.  The  rollers  are 
two  inches  in  diameter,  covered  with  brass  cast 
on,  which  is  more  durable  than  rolled  tube-  or 
sheet-brass.  The  two  sides  of  the  machine, 
having  distinct  change-wheels,  may  be  set  to 
spin  threads  of  different  thickness  and  twist. 

11.  Cotton  - clearing  Machine. — The  purpose 
of  this  machine  is,  like  that  of  the  silk-cleaning 
machine,  for  removing  irregularities,  lump,  and 
knots  from  the  doubled  thread.  The  thread  is 
wound  off  the  bobbins  from  the  doubling  ma- 
chine, and  is  passed  through  a  steel  clearer  set 
to  a  gauge,  upon  bobbins  on  upright  spindles 
driven  by  friction.  The  steel  clearer,  or  double 
knife,  is  adjusted  by  a  screw  supported  by  a 
spring,  which  gradually  yields  to  the  pull  of  tho 
thread,  and  stops  tho  bobbin  without  breaking 
the  thread,  retaining  it  until  the  atteudant 
removes  the  imperfection.  The  clearer-plate 
slowly  rises  and  falls  alternately,  shifting  the 
points  of  contact  with  tho  thread,  to  prevent 
local  wear. 

1 2.  Hank-  Winding  Machine. — To  wind  thread 
from  the  dyed  or  bleached  hanks  of  cotton,  flax, 
or  worsted,  upon  bobbins  for  balling,  spooling, 
or  warping,  of  four  inches  traverse.  The  ma- 
chine is  constructed  partly  for  swifts  and  partly 
for  barrels, — the  first  being  sometimes  preferred 
for  soft  cotton,  and  the  second  for  glace,  or 
stiffened  cotton.  The  bobbins  are  wound  at  a 
constant  speed  of  thread,  and  for  this  purpose 
are  hung  on  Bwings  or  hatches,  and  are  turned 
by  the  superficial  contact  of  tho  bobbin  with 
polished  iron  pulleys,  which  causes  tho  thread 
to  wind  at  tho  same  rate,  whether  tho  bobbin  is 
empty  or  full.  The  pulleys  are  covered  with 
cloth,  and  sometimes  fluted,  according  to  tho 
description  of  thread.  Sho\Ud  the  thread  break, 
the  roller  is  lifted  out  of  frictional  contact  by  a 
self-acting  pall,  which  is  set  at  liberty. 

13.  Hailing  and  Spooling  Macliines. —  The 
machines  have  three  heads  for  balling,  and  three 
heads  for  spooling,  on  one  table  ;  but  they  may  be 
constructed  of  any  convenient  length.  The  spool- 
ing machines  are  of  three  kinds,  and  are  much 
employed  on  account  of  the  great  extension  of 
the  use  of  sewing  machines,  which  are  worked 
with  bobbins  holding  700  to  1,000  yards  of  silk 
or  cotton  thread.  The  spooling  machines  are 
adapted  to  different  sizes  of  thread,  by  means  of 
brass  change-pinions  and  steel  guides.  They  are 
occasionally  fitted  with  indices,  to  measure  the 
length  of  thread  j  but,  in  general,  the  bulk  of 
the  8iKX)l  is  tho  only  index. 

14.  Pirn-Winding  Machine— To  wind  silk  or 
cotton  on  pirns  for  shuttles.  The  chief  novelties 
are,  that  each  spiudlo  is  worked  independently 
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of  the  others,  without  interfering  with  their 
progress;  und  that  the  vertical  movement  of 
each  spindle  is  effected  by  means  of  a  ratchet- 
wheel,  without  resorting  to  the  ordinary  mode 
of  forming  the  pirn  by  the  pressure  of  cups  and 
cones,  which  flatten  and  glaze  the  thread, 
particularly  silk  thread,  injuring  the  colours  and 
shades  of  the  woven  piece. 

15.  Cubing  Press. — To  make  up  small  parcels 
of  thread  and  knitting  yarn,  of  various  weights, 


of  \  lb.,  £  lb.,  or  1  lb. ;  which  are  tied  up,  whilst 
in  the  press,  ready  for  sale. 

1C.  Bundling  Press.— Worked  by  hand  or  by 
power,  to  make  up  the  largo  bundles  of  yarn 
for  warps  or  sewings,  weighing  5  lb.,  G  lb.,  or 
10  lb.  each,  which  are  tied  up  and  labelled  ready 
for  sale. 

A  notice  of  other  machinery  exhibited  by 
Messrs.  Wren  <fc  Hopkinson,  is  to  be  found  in 
the  division  of  Machinery  in  General. 


SECTION  V. 
WEAVING  MACHINERY. 


CHAPTER  L 

HISTORICAL  ACCOUNT  OK  THE  CALICO  LOOM.* 

Weaving  is  defined  as  "  the  interlacing  toge- 
ther of  two  lines  of  threads  at  right  angles  to 
each  other  ;"  and  the  threads  ruuning  from  end 
to  end  of  the  piece  are  called  the  "  warp,"  and 
those  which  cross  from  selvage  to  selvage — that 
is,  from  side  to  side  of  the  fabric— the  "  weft" 
This  is  the  definition  of  plain  weaving.  The 
process  by  which  this  interlacing  is  effected  con- 
sists of  three  motions,  which  must  be  performed 
in  succession.  There  is,  first,  the  shedding  of  the 
web  for  the  introduction  of  the  shuttle  with  the 
weft  shot ;  second,  the  throwing  of  the  shuttle 
through  the  shed  ;  and,  third,  the  striking  home 
of  the  shot  Now,  all  the  improvements  which 
mechanical  skill  has  effected  on  the  first  rudo 
contrivance  by  which  these  three  motions  were 
effected — by  the  "  rude  Indian  "  for  centuries, 
and  by  the  English  hand-loom  weaver  up  to 
1738 — are  but  expedients  for  facilitating  these 
motions. 

When  John  Kay,  of  Bury,  in  1738,  substi- 
tuted the  fly-shuttle  for  the  hand-shuttle,  by 
which  the  production  of  the  hand-loom  was 
trebled,  his  improvement  was  simply  a  facili- 
tating of  the  second  of  the  three  essential 
motions  in  the  process  of  weaving — 41  the  throw- 
ing of  the  shuttle  through  the  shed;"  and  the 
various  "pickiug"  motions  applied  to  the 
power-loom,  with  the  improvements  which  have 
been  successively  made  in  them,  are  but  further 
exj»edieiit  for  performing  with  greater  speed  and 
facility  the  same  primitive  and  fundamental 
motion.  With  the  hand-loom,  as  improved  by 
the  application  of  the  "flying  shuttle,"  the 
weaver  could  throw  a  hundred  shots  per  minute 
on  a  web  a  yard  wide,  while  on  broader  work 

•  Tho  Author  is  indebted  for  tho  contents  of  this 
chapter  to  an  ably-writ  ten  article  on  "  Cotton-weaving 
and  Lancashire  Looms,"  published  in  MacmiUan's 
Magazine  for  October,  18(52. 


the  number  would  be  reduced  to  about  eighty  ; 
and  this  rate  of  shuttling  was  about  three  times 
greater  than  what  bed  been  previously  practicable 
with  the  hand-shuttle. 

The  next  great  improvement  effected  in  the 
hand-loom  was  the  substitution  of  what  is  called 
the  "  friction  pace  "  for  the  bore-staff  previously 
used  in  tightening  tho  web.  It  will  be  readily 
understood  by  those  most  ignorant  of  the  art  of 
weaving,  that  the  cloth  as  woven  is  rolled  on  to 
a  beam  or  roller  in  front  of  the  loom,  while  the 
yarn  which  forms  the  warp  is  unrolled  from  a 
beam  at  the  back  of  the  loom.  In  the  old  hand- 
loom,  the  weaver  had  to  stop  shuttling  after 
every  two  inches  of  cloth  he  wove,  and  "  draw 
the  bore  ;"  and  then  he  had  to  adjust  the  warp 
to  the  proper  degree  of  tension  by  means  of  a 
ratchet  and  click.  This  interfered  very  much 
with  his  progress  in  weaving,  and  he  was  not 
always  able  so  to  adjust  the  ratchet  and  click  as 
to  secure  a  uniform  tension  of  the  warp.  Tho 
"  friction  pace  "  remedied  all  this.  This  was  an 
arrangement  by  which  a  weight,  suspended  to  a 
rope  passed  two  or  three  times  round  the  end  of 
the  yarn-beam,  converted  the  yarn-beam  into  a 
friction-roller.  The  amount  of  friction  deter- 
mined the  degree  of  tension  in  the  warp  ;  and, 
by  changing  the  weight,  this  could  be  either  les- 
sened or  increased ;  but,  when  it  was  once  ad- 
justed to  the  fabric  to  be  woven,  uniformity  was 
secured,  and  the  weaver  could  "  draw  the  bore  " 
without  disturbing  the  tension  of  his  warp. 
Under  this  improved  arrangement  the  weaver 
was  exposed  to  less  interruption  in  his  shuttling, 
and  he  secured  the  advantage,  so  essential  to  the 
making  of  good  cloth,  of  having  his  web  kept 
at  a  uniform  degree  of  tension.  By  a  subse- 
quent invention,  applied  to  what  was  called  the 
"  Dandy  loom,"  and  which  forms  the  principal 
peculiarity  of  that  kind  of  loom,  the  weaver 
was  saved  tho  necessity  of  stopping  to  "draw 
the  bore."  A  simple  motion,  connecting  tho 
lathe  or  slay  with  a  ratchet  fixed  on  the  end  of 
the  cloth  beam,  caused  the  beam  to  take  up  the 
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cloth  as  it  was  woven.  A  similar  motion  is  a 
feature  in  all  power-looms;  but,  as  applied  to 
the  hand-loom,  although  it  was  adopted  as  an 
improvement  of  considerable  importance  in  the 
weaving  of  the  coarser  fabrics,  it  found  little 
favour  with  tho  weavers  of  muslins  and  the  finer 
kinds  of  cloth. 

The  invention  of  the  power-loom  is  due  to  a 
doctor  of  divinity  in  England  and  a  doctor  of 
medicine  in  Scotland,  both  of  whom  seem  to 
have  conceived  the  idea  about  the  same  time, 
and  to  have  worked  on,  unknown  to  each  other, 
in  developing  their  respective  projects.  The 
English  inventor  was  Dr.  Edmund  Cartwright, 
a  Church  of  England  clergyman,  who  was  in- 
cited to  the  rumination  of  a  subject  so  foreign 
to  the  studies  connected  with  his  sacred  calling 
by  a  tea-table  conversation,  while  on  a  visit  to  a 
friend  at  Matlock,  Derbyshire.  Richard  Ark- 
wright,  who  had  left  Lancashire  to  avoid  the 
fate  of  Hargreaves,  had  recently  erected  in  the 
vicinity  of  the  reverend  doctor's  temporary  so- 
journ one  of  his  large  spinning  factories ;  and 
the  conversation  turned  on  the  great  success 
which  had  been  achieved  in  the  application  of 
machinery  to  spinning.  Already  the  genius  of 
Arkwright,  Hargreaves,  and  Crompton  had  in- 
creased the  production  of  yarn  three  hundred 
fold,  and  the  question  was  asked, — Could  not 
machinery  be  as  successfully  applied  to  weaving 
as  to  spinning  1  This  turned  the  genius  of  the 
doctor  in  the  direction  indicated  :  he  set  himself 
to  solve  the  suggested  problem  ;  and  the  result 
was  a  loom,  theoretically  capable  of  performing 
the  three  motions  which  are  the  essentials  in 
weaving,  but  practically  defective  to  an  extent 
which  rendered  the  invention  useless.  The 
doctor  was  not  a  weaver ;  he  had  not  studied 
practically  the  nature  of  the  material  with 
which  the  weaver  has  to  deal  ;  and  his  loom 
lacked  all  those  organs  of  sensation — if  we  may 
so  speak — which  the  more  perfect  machine  of 
modern  times  possesses,  by  which  every  slip  or 
hitch  in  the  working,  caused  by  bad  yarn  or 
breakage,  is  either  prevented  or  provided 
against,  and  which  stop  the  loom  when  a 
"smash"  is  otherwise  inevitable.  Tho  doctor 
could  see  tho  defects  of  his  loom  ;  but  his  want 
of  practical  knowledge  denied  him  the  power  of 
remedying  them,  and  the  difficulties  with  which 
he  long  struggled  proved  to  him  insurmountable. 
It  is  surprising,  however,  on  looking  back,  to 
see  how  near  he  came  to  the  results  of  modern 
times. 

Dr.  Cartwright's  first  patent  for  a  weaving 
machine  is  dated  the  4th  April,  1785,  and  of  it 
he  says  : — "  It  is  worked  by  mechanical  force. 
The  warp,  instead  of  lying  horizontal,  as  in  the 
common  loom,  is  in  this  machine  (which  may  be 
made  to  hold  any  number  of  warps  at  pleasure) 
placed  perpendicularly.  The  shuttle,  instead  of 
being  thrown  by  hand,  is  thrown  either  by  a 
spring,  the  vibration  of  a  j>endulum,  the  stroke 
of  a  hammer,  or  by  the  application  of  one  of  | 


the  mechanical  powers,  according  to  the  nature 
of  the  work  and  the  distance  the  shuttle  is 
required  to  be  thrown ;  and,  lastly,  the  web  is 
taken  up  gradually  as  it  is  woven."  The 
number  and  variety  of  the  mechanical  expe- 
dients to  which  the  reverend  mechanic  appeals 
for  aid  in  throwing  his  shuttle,  shows  the  crudo 
and  imperfect  notions  he  had  of  what  was  requi- 
site to  produce  the  desired  result  In  practice, 
as  we  learn  from  the  details  of  his  invention, 
which  have  been  preserved,  Dr.  Cartwright  used 
springs  for  throwing  the  shuttle,  and  these 
springs  were  M  connected  with  a  cylinder  placed 
beneath  the  machine,"  which  also  gave  motion 
to  a  lever,  which  reversed  the  shed  of  the  waq>. 
Successive  improvements  made  in  the  machine, 
and  patented  in  1786,  1787,  1788,  and  1792, 
did  not  bring  it  the  length  of  practical  utility  ; 
and  after  spending  a  fortuno  of  between 
.£30,000  and  £40,000  in  this  and  other  mecha- 
nical projects,  the  doctor  was  rewarded  with  a 
Government  grant  of  £  10,000,  in  consideration 
of  his  inventions  having  led  to  the  successful 
adaptation  of  machinery  to  weaving,  which  soon 
after  came  into  general  iise. 

Contemporaneous  with  these  unsuccessful 
efforts  to  develop  the  power-loom  in  England, 
Dr.  Jeffray,  practising  as  a  physician  in  Paisley, 
invented  a  loom  which  in  principle  was  very 
similar  to  that  of  Dr.  Cartwright  The  leading 
feature  in  each  was  "  that  the  shuttle  and  lathe 
were  worked  by  the  reaction  of  springs,  and  the 
power  applied  to  them  consisted  in  repressing 
them  so  as  to  bring  them  into  a  state  fit  for 
reacting  at  the  proper  time."  In  ono  respect, 
the  loom  of  the  Scotch  physician  was  superior 
to  that  of  the  English  divine,  and  that  was  as 
to  the  means  adopted  for  preventing  the  "  smash" 
caused  by  the  stoppage  of  the  shuttle  in  tho 
shed.  A  spring,  which  kept  the  shuttle  from 
recoiling  when  it  entered  the  shed,  also  sup- 
plied a  motion  which  stopped  the  lathe  when  the 
shuttle  was  accidentally  caught  in  its  passage 
through  the  warp.  But  even  this  improvement 
did  not  entirely  overcome  the  difficulty,  and  Dr. 
Jeffray's  loom  was  never  brought  into  practical 
use. 

The  man  who  first  completed  the  improve- 
ments which  made  weaving  by  power  practicable, 
was  Mi-.  Robert  Millar,  a  calico  printer  by  trade, 
and  the  manager  of  a  printfield  near  Glasgow. 
He  patented,  in  1796,  an  improvement  called  the 
"  protector,"  which  stopped  the  loom  altogether 
when  the  shuttle  was  prevented  by  any  cause 
from  accomplishing  its  passage  from  the  one  box 
to  the  other ;  and  he  substituted  the  direct  actiou 
of  the  motive  power  for  the  springs  formerly 
used  in  throwing  the  shuttle.  He  had  also  a 
motion  for  taking  up  the  cloth  as  woven.  These 
improvements,  which  were  still  further  developed 
by  Messrs.  RadclitTe  &  Ross>,  Mr.  Thomas 
Johnson,  and  Mr.  H.  Horrocks,  all  of  Stockport, 
are  features  in  all  the  power-looms  which  have 
since  been  made,  and  even  in  those  models  of 


Digitized  by  Google 


80 


WEAVING  MACHINERY. 


mechanical  skill  exhibited  in  the  Western  Annex, 
■which  present  in  so  many  respects  such  a  strik- 
ing contrast  to  the  comparatively  rude  machinery 
for  weaving  which  was  in  general  use  at  the 
beginning  of  the  present  century.  Millar's  looms 
have  been  at  work  in  Scotland  until  a  compara- 
tively recent  period ;  and  in  the  Great  Exhibition 
of  1851,  Mr.  Joseph  Harrison,  of  Blackburn, 
exhibited,  in  contrast  with  an  improved  loom  of 
his  own  make,  one  of  those  antique  and  now 
almost  unique  machines.  Of  the  contrast  thus 
presented,  it  is  well  said  in  the  Encyclopaedia 
Britannica,  "  It  needs  no  great  culturo  of  the  eye 
to  have  noticed  in  exhibitions  of  machinery  how 
often  and  how  strikingly  improvements  in  power 
and  in  efficiency  are,  at  the  same  time,  improve- 
ments in  form  and  appearance."  With  the 
improved  "  power  and  efficiency"  we  have  more 
to  do  than  with  tho  improved  "form  and  ap- 
pearance ;"  and  what  did  that  amount  to  ?  The 
loom  of  1800  required  the  undivided  attention 
of  one  operative  to  each  warp,  or,  in  special  cases, 
five  persons  might  tend  six  looms  ;  but  the  loom 
of  1851  accomplished  so  much  by  itself,  without 
tho  weaver's  attention,  and  in  spito  of  his  care- 
lessness, that  two,  and  in  many  cases  three, 
looms  were  worked  by  a  single  operative.  On 
the  loom  of  1800  the  most  industrious  opera- 
tive could  produce  in  a  week  of  sixty  hours  no 
more  than  four  pieces  of  printing  cloth,  25  inches 
wide,  29  yards  long,  and  with  eleven  picks  or 
shots  of  weft  in  the  quarter  inch ;  whereas,  with 
tho  loom  of  1851  twenty-six  pieces  of  the  same 
kind  of  cloth  could  be  produced  with  equal 
facility.  The  remuneration  of  the  operative  of 
1800  was  2s.  9d.  per  piece  for  the  description  of 
cloth  we  have  selected  as  an  illustration,  which 
made  his  weekly  earnings  lis.  ;  the  price  paid  to 
tho  operative  of  1851  was  only  about  6d.  per 
piece,  but  this  made  his  weekly  earnings  13s. 

The  improvements  of  Mr.  Millar,  which  gave 
to  his  loom  the  name  of 11  wiper,"  from  the  motion 
of  the  shuttle  being  effected  by  eccentric  wheels 
of  this  description,  and  those  of  Mr.  Horrocks, 
which  gave  to  his  loom  the  name  of  "crank," 
from  this  agency  being  the  means  made  use  of 
by  him  for  working  the  lathe,  were  soon  com- 
bined ;  and  they  are  to  be  found  more  or  less 
improved  and  variously  modified  in  all  power- 
looms.  But  these  improvements,  great  as  they 
were,  and  demonstrating  as  they  did  the  practi^ 
cability  of  weaving  by  power,  did  not  dispose  of 
all  the  difficulties  connected  with  tho  manufac- 
ture of  cloth  by  tho  power-loom.  One  process  to 
which  we  have  not  yet  referred,  necessary  in  the 
hand-loom,  and  still  more  in  the  power-loom,  is 
"  dressing" — the  application  of  starch  or  size  to 
the  warp  to  give  tho  yarn  such  a  stiffness  and 
consistency  as  may  enable  it  to  stand  tho  strain 
to  which  it  is  subjected  in  the  process  of  weaving. 
In  the  old  hand-loom,  tho  weaver  "  dressed"  as 
much  of  the  warp  as  was  stretched  from  the 
back  of  the  heddles  or  healds  to  tho  warp  beam, 
which  might  be  about  a  yard.    He  then  worked 


his  cloth  till  the  end  of  the  dressed  part  came  up 
to  the  heddles,  when  he  again  stopped  and 
dressed  a  yard,  and  then  resumed  his  weaving ; 
and  this  process  he  had  to  repeat  throughout  the 
whole  length  of  his  web  as  every  yard  of  warp 
was  unrolled  from  the  warp  beam.  It  is  evident 
that,  however  little  this  might  be  considered  an 
obstruction  or  a  hindrance  in  the  case  of  hand- 
loom  weaving,  it  was  quite  incompatible  with 
weaving  by  power.  It  would  not  pay  the  weaver 
to  stop  his  loom  while  he  dressed  a  yard  of  warp  ; 
and  the  yarn  would  not  stand  the  double  strain  of 
being  dragged  forward  by  the  process  of  weaving, 
and  pulled  backward  by  the  process  of  dressing. 
This  difficulty  rendered  almost  nugatory  for 
a  time  the  comparative  perfection  to  which 
mechanical  ingenuity  had  brought  the  process  of 
weaving.  But  the  inventive  genius  of  those 
interested  in  the  progress  and  extension  of  manu- 
factures was  soon  turned,  and  that  successfully, 
to  the  consideration  of  the  means  by  which  warps 
could  be  dressed  or  sized  by  power,  and  given  out 
to  the  weaver  in  a  state  which  would  obviate  the 
necessity  for  dressing.  And  there  was  more  to 
stimulate  the  progress  of  invention  in  this  direc- 
tion than  the  desire  to  test  the  capabilities  and 
obtain  the  full  benefit  of  the  power-loom.  The 
great  and  rapid  improvements  which  had  been 
I  made  in  spinning  machinery,  by  which  the  pro- 
:  duction  of  yarn  had  been  increased  three  or  four 
hundred  fold,  demanded  means  of  consumption 
for  the  produce  of  the  mule  greatly  beyond  the 
capabilities  of  the  old  hand-loom  and  the  new 
power-loom.  The  greatest  desideratum  towards 
this  object  was  a  machine  for  "dressing"  by 
power,  and  this  was  soon  supplied,  and  also 
proved  by  successive  inventors,  who  gradually 
substituted  "  sizing"  for  "  dressing"  till  the  per- 
'  feet  i  on  had  been  attained  which  is  now  observable 
1  in  the  sizing  machine  known  as  tho  " slasher." 
By  the  use  of  these  machines,  the  weaver  is 
saved  the  necessity  for  dressing  his  warp  yard  by 
yard,  as  in  the  hand-loom,  or  in  snatches  and  at 
irregular  intervals,  as  in  the  power-loom,  and 
being  thus  enabled  to  devote  bis  whole  attention 
to  the  process  of  weaving,  makes  greater  progress 
I  in  his  work,  and  also  makes  better  cloth.  The 
invention  of  the  sizing  machine  demonstrated  for 
the  first  time,  not  the  practicability  of  weaving 
I  by  power,  but  the  capabilities  of  the  power-loom ; 
i  and  since  then  each  successive  improvement  both 
in  sizing  machinery  and  in  weaving  machinery 
has  increased  its  productiveness. 

But  the  important  advantages  of  sizing  and 
weaving  by  power  were  not  recognized  all  at  once. 
Machines  for  both  purposes  had  been  brought 
to  a  comparative  degree  of  perfection  in  1805  ; 
but  in  1813,  eight  years  after,  it  is  estimated 
that  not  more  than  2,400  power-looms,  with 
about  100  sizing  machines,  were  in  use  in  all 
parts  of  the  country.  From  1813  to  1820,  the 
number  of  power-looms  increased  in  a  more 
rapid  ratio,  there  being  then  upwards  of  14,000 
in  use  in  England  and  Scotland,    In  1830  the 
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number  had  increased  to  60,000,  and  in  1833  to 
100,000, — this  latter  figure  showing  the  rate  of 
increase  to  have  been  greatly  accelerated  during 
the  three  years  from  1830  to  1833.    But  there 
was  sufficient  in  the  daily  augmenting  productive 
power  of  the  loom  to  justify  this  great  and  rapid 
increase.    The  shirting,  of  which  a  good  hand- 
loom  weaver  of  full  age  and  strength  could  weave 
only  two  pieces  per  week,  could  in  1823  be  I 
produced  by  two  power-looms,  attended  by  a 
youth  of  fifteen,  at  the  rate  of  seven  pieces  per  j 
week,  and  in  182G  at  the  rate  of  twelve  to 
fifteen  pieces  per  week  ;  while  in  1 833  a  weaver  ' 
of  from  fifteen  to  twenty  years  of  age,  with  the 
assistance  of  a  girl  of  twelve,  could  produce  from  j 
four  looms  eighteen  or  twenty  pieces  per  week. 

The  loom  of  1862  is  a  striking  contrast  to  that 
of  1833.  In  general  appearance,  the  two  ma- 
chines may  not  be  so  dissimilar  or  present  so 
great  a  contrast  as  that  which  is  observable 
between  the  loom  of  1 800  and  that  of  1 851  ;  but 
in  many  points  of  detail  the  loom  of  1862  has 
been  so  improved,  by  modifications  and  additions 
which  may  singly  be  comparatively  unimportant, 
but  in  the  aggregate  amount  to  almost  a  revolu- 
tion in  its  mode  of  operation  as  a  machine  for 
weaving,  that  the  progress  made  during  the  last 
thirty  years  must  be  considered  as  important  as 
that  which  resulted  in  the  development  of  the 
loom  of  1800  into  that  of  1851.  The  first 
improvement  to  be  noticed  is  that  beautiful 
expedient  for  stopping  the  loom  when  the  weft 
thread  breaks.  It  is  evident  that,  when  a  I 
weaver  lias  three  or  four  looms  to  attend,  he  ) 
cannot  always  notice  on  the  instant  the  breakage  j 
of  the  weft  thread ;  and  should  the  loom  con-  j 
tinue  working  for  even  half  a  minute  after  the 
weft  has  broken  (at  the  rate  of,  say,  only  150 
picks  or  shots  per  minute),  the  cloth-beam,  by 
the  motion  which  regulates  its  movements,  will 
have  taken  up  an  inch  to  an  inch  and  a  half  of 
the  warp  before  it  has  received  the  weft  neces- 
sary to  make  it  into  cloth.  In  such  a  case,  the 
weaver  would  be  under  the  necessity  of  "  letting 
back "  his  web,  so  as  to  resume  working  at  the 
exact  spot  where  the  weft  thread  broke,  and 
this  would  prove  a  very  great  hindrance  to  him 
in  the  case  we  have  supposed,  of  his  having  three 
or  four  looms  to  attend.  But  mechanical  in- 
genuity having  devised,  and  mechanical  skill 
having  successfully  adapted  to  the  power-loom,  a 
peculiar  motion,  endued  with  sufficient  sensi- 
bility to  know  when  the  weft  thread  breaks,  and 
sufficient  power  to  throw  the  loom  out  of  gear, 
and  stop,  almost  in  an  instant,  all  its  rapid  and 
complicated  movements,  the  weaver  is  apprised 
of  the  breakage  the  moment  it  occurs,  and  is 
enabled  to  remedy  the  defect  with  the  least 
possible  loss  of  time.  The  first  expedient  for 
this  purpose  was  the  invention  of  John  Bams- 
bottom  and  Bichard  Holt,  of  Todmorden,  who, 
among  other  improvements  in  power -looms 
patented  by  them  in  1834,  had  a  "  contrivance 
for  stopping  the  loom  on  the  breaking  of  the 


weft  thread"  It  consisted  of  what  the  patentees 
called  "  hands  and  fingers," — a  sort  of  lever,  so 
placed  that  the  " fingers"  rested  on,  and  were 
supported  by,  the  weft  when  the  loom  was 
working  and  all  was  going  right,  and  fell  down 
when  the  weft  broke,  and  the  support  on  which 
they  rested  was  thus  taken  away.  The  effect 
of  the  "  fingers  "  falling  down  was  to  disconnect 
a  lever,  which  caused  the  next  stroke  of  the 
11  slay"  (which  contains  the  reed,  and  by  the 
movement  of  which  the  weft  is  beaten  up)  to 
throw  the  driving-strap  on  to  the  loose  pulley, 
and  so  stop  the  loom.  The  same  patentees  had 
also  an  improved  contrivance  for  stopping  the 
loom  when  the  shuttle  failed  to  reach  the  opposite 
box.  These  contrivances  were  improvements  on 
the  power-loom,  but  practically  of  no  great  value, 
except  as  paving  the  way  for  subsequent  inven- 
tions. So  far  as  regards  the  stoppage  of  the 
loom  when  the  weft  thread  breaks,  the  "hand 
and  fingers"  were  superseded  by  the  motion 
invented  and  patented  by  Messrs.  William  Ken- 
worthy  k  James  Bullough,  both  of  Blackburn, 
in  1841.  The  superiority  of  this  latter  appliance 
consists  in  the  certainty  and  promptness  with 
which  the  object  in  view,  the  stoppage  of  the 
loom  for  the  preventing  of  damage,  is  secured. 
The  patentees  style  their  apparatus "  the  weft- 
watcher  or  detector  and  it  well  deserves  the 
name,  for  with  unerring  certainty,  on  the  break- 
age or  absence  of  the  weft  thread,  it  instanta- 
neously disengages  the  "  taking-up  "  motion,  and 
entirely  stops  the  loom.  The  "  detector  "  bears 
a  general  resemblance  to  the  "  hands  and  fingers," 
to  the  extent  that  the  absence  of  the  weft  thread, 
releasing  the  lever  over  which  it  passes  while 
the  loom  is  working,  is  the  "  prime  mover,"  if 
wo  may  so  speak,  in  the  stopping  of  the  loom  ; 
but  the  invention  of  1841  has  the  decided 
advantage  over  that  of  1834,  in  respect  of  the 
means  by  which  the  rising  of  a  delicately 
constructed  lever — so  delicate  that  a  thread  fine 
as  gossamer  holds  it  in  check — effects  the  almost 
instantaneous  stoppage  of  the  whole  machinery 
of  the  loom. 

The  contrivance  of  Messrs.  Kenworthy  & 
Bullough  has  not  been  suj>erseded  by  the  iu- 
genuity  of  any  subsequent  inventor,  and  all  the 
improvements  since  effected  in  it  are  simply 
such  as  are  owing  to  tho  superior  skill  and 
workmanship  displayed  by  the  different  makers 
of  looms. 

To  Mr.  James  Bullough  is  also  due  the  credit 
of  another  invention,  patented  in  1842,  for  the 
prevention  of  damage  and  the  stopping  of  tho 
loom  when  the  shuttle  is  caught  in  the  shed. 
The  contrivance  for  this  purpose,  patented  in 
1834,  was  not  found  to  be  always  effective  ;  but 
the  im]M>rtance  of  preventing  the  great  damage 
to  the  web,  which  was  inevitable  when  the  slay, 
with  the  reed,  beat  up  the  shuttle  instead  of  the 
weft  shot,  prompted  and  justified  great  efforts 
to  remedy  the  evil.  Mr.  Bullough  effected  this 
desirable  object  by  the  invention  of  the  "loose 


Digitized  by  Google 


88 


WEAVING  MACHINERY. 


reed,"  a  contrivance  by  which  the  reed  is 
"  carried  by  a  spring  cap  and  swivels  in  the  top 
rail  "  of  the  slay  ;  and  thus,  when  the  shuttle  is 
caught  in  the  shed,  the  reed  is  forced  back  and 
acts  upon  levers,  which  stop  the  looin.  This  is 
an  arrangement  by  which  all  uncertainty  of 
action  is  done  away  with.  The  reed  can  never 
fail  to  be  acted  upon  by  the  shuttle  when  it  is  in 
the  shed ;  and  there  is  a  mechanical  certainty 
that  the  movement  of  the  reed  will  operate 
effectually  on  the  levers  counected  with  the 
stopping  motion.  We  need  only  remark  further, 
on  the  subject  of  the  loose  reed — which  is  appli- 
cable to  all  the  lighter  kinds  of  cloth,  up  to  cloths 
having  eighteen  to  twenty  picks  in  the  quarter 
iuch — that  it  has  enabled  looms  to  be  worked 
much  quicker  than  was  previously  practicable. 
A  40-inch  loom,  for  instance,  which  before  the 
invention  of  the  loose  reed  might  lie  worked  at 
the  rate  of  1 20  picks  j>er  minute,  could  after- 
wards l>e  worked  at  180  to  200  picks  per  minute, 
or  at  an  increased  speed  of  more  tlian  50  per 
cent  ;  and  further  improvement*  have  since 
increased  tho  practicable  speed  at  which  the 
same  loom  can  be  worked  to  about  230  picks 
per  minute. 

But  the  loose  reed  is  not  applicable  to  the  I 
weaving  of  heavy  fabrics.  The  force  with  which 
the  weft  in  the  heavier  class  of  goods  requires  to 
be  beaten  up  is  greater  than  could  be  applied 
with  a  slay  fitted  on  the  loose  reed  principle.  The 
looms,  therefore,  for  weaving  cloths  of  a  coarser 
quality  than  eighteen  to  twenty  picks  in  the 
quarter  inch,  are  all  fitted  with  fast  reeds,  and  it 
is  left  to  an  application  termed  a  "  stop-rod  "  to 
throw  the  loom  out  of  gear  when  the  shuttle  is 
prevented,  from  any  cause,  from  completing  its 
course  through  the  warp.  This  "  stop-rod"  is 
acted  u]>on  by  the  shuttle  as  it  arrives  at  each 
end  of  the  slay ;  and  on  its  failing  to  arrive  at 
either  end,  tho  "stop-rod"  falls  upon  a  moveable 
bracket,  and  instantly  stop  tho  loom.  But  this 
sudden  stoppage  of  the  loom,  in  the  first  appli- 
cation of  the  "  stop-rod,"  was  attended  by  a  great 
shock,  which  caused  damage,  not  only  to  the 
warp  but  to  the  loom  itself;  and  as  the  "stop- 
mi"  proved  in  practice  very  uncertain  in  its 
working,  the  mishap  it  was  intended  to  guard 
against  were  not  always  prevented.  This  led  to 
another  improvement  of  considerable  importance, 
as  applicable  to  fast  reed  looms, — an  improve- 
ment which  goes  by  the  name  of  the  "  break," 
which  was  patented  by  Mr.  John  Sellers,  of 
Burnley,  in  1845,  and  by  which  the  loom  can  Iks 
stopped  instantaneously,  whatever  the  sjieed  at  , 
which  it  may  be  working,  without  the  great  j 
shock  to  the  machinery  which  tho  "stop-rod" 
produces  when  used  without  the  "  break."  I 
These  several  contrivances  for  stopping  the 
loom,  the  most  of  them  self-acting,  requiring 
neither  the  presence  nor  the  intervention  of  the 
weaver,  etfectually  obviate  the  mischief  which 
would  otherwise  be  inevitable,  and  which,  ui  the 
absence  of  these  mechanical  appliances,  the  most 


watchful  vigilance,  supposing  no  more  than  one 
loom  was  under  the  care  of  each  operative,  would 
l>e  powerless  to  prevent 

We  must  now  notice  the  "  taking-up"  and  the 
"lettiug-back"  motions.  We  have  already  re- 
ferred to  the  tedium  of  the  process  which  com- 
pelled the  hand-loom  weaver,  as  every  two  inches 
of  cloth  were  woven,  to  stop  his  loom  and 
"  draw  the  bore,"  and  then  adjust  the  warp  to 
the  proper  degree  of  tension.  Contrivances 
which,  in  view  of  more  modern  inventions,  must 
be  characterized  as  rude,  superseded  this  method 
of  winding  the  cloth  on  the  beam,  but  they  were 
far  from  securing  uniformity  in  the  make  of  the 
cloth,  the  quality  of  which  was  left  largely  de- 
pendent on  the  skill  and  care  of  the  weaver. 
The  importance  of  the  "  taking-up  "  motion  in 
securing  uniformity  in  the  texture  of  the  cloth 
will  bo  apparent,  if  it  is  considered  that  every 
stroke  of  the  slay  (1 80,  or  it  may  bo  250  |>er 
minute)  brings  the  reed,  by  which  the  weft  shot 
is  beaten  up,  forward  towards  the  cloth-beam  to 
precisely  the  same  spot ;  and  this  requires  that 
the  web  be  pulled  on  tho  cloth-beam  the  length 
of  a  ]  >irk  (which  may  be  the  eightieth  or  the 
hundredth  part  of  an  inch)  as  each  shot  is  beaten 
up,  or  180  to  250  times  per  minute.  These  con- 
ditions, severe  as  they  are,  have  been  secured  by 
the  M  taking-up  "  motion  introduced  by  Messrs. 
Kenworthy  «fe  Bullough  in  1841,  and  which  has 
never  yet  been  superseded.  In  this  motion 
change-wheels  are  made  use  of,  which  secure, 
with  the  greatest  nicety,  that  any  given  number 
of  picks  shall  bo  put  in  each  inch  of  the  cloth. 
And  this  it  secures  with  a  mechanical  accuracy 
which  is  in  no  way  dependent  on  the  weaver, 
who,  either  for  the  purpose  of  getting  out  more 
cloth,  or  from  carelessness,  might  vary  the 
number  of  shots  i>er  minute,  and  so  produce  a 
fabric  which  would  be  unsaleable  on  account  of 
the  irregularity  of  the  texture. 

Closely  connected  with  the  "taking-up" 
motion  is  tho  "  letting- back  "  motion,  a  simple 
expedient,  by  which  the  web  can  be  let  back 
any  number  of  picks  which  the  loom  may  have 
worked  after  the  breakage  of  the  weft  shot,  that 
the  beating  up  of  the  slay  may  be  resumed  at 
the  exact  sj>ot  it  left  off  when  the  weft  broke, 
and  so  the  unseemly  blemish  of  "gaws  "  in  the 
cloth  may  be  prevented. 

Another  important  part  of  tho  power-loom  is 
the  "  temple,"  which  keeps  the  cloth  stretched 
to  the  projjer  width,  and  which  requires  to  be, 
like  everything  else  connected  with  a  loom  driven 
by  power,  self-acting.  In  the  hand-loom  the 
temple  was  of  wood,  flat  and  hinged  in  the 
centre,  with  a  button,  which  kept  the  hinge 
locked  while  the  loom  was  at  work.  Tho  length 
of  tho  temple  was  the  breadth  of  cloth,  and  a 
series  of  small  spikes  or  needles  at  either  end, 
caught  in  tho  selvage  of  the  cloth,  kept  the  web 
at  the  proper  width.  The  shifting  of  the  temple 
was  a  great  hindrance  to  the  weaver,  as  it  re- 
quired to  be  shifted  every  time  the  "  bore  "  was 
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drawn,  or  after  every  two  inches  of  cloth  he 
wove.  In  the  power-loom  such  an  appliance 
would  be  perfectly  useless.  In  the  earliest  efforts 
to  construct  a  temple  adapted  to  weaving  by 
power,  metallic  discs  were  made  use  of,  with 
small  spikes  or  needles  on  the  periphery,  which 
caught  in  the  selvage  of  the  cloth,  and  thus  kept 
it  stretched  at  the  required  breadth.  As  the 
cloth  was  pulled  forward  on  to  the  beam  by  the 
action  of  the  "  toking-up"  motion,  the  discs  re- 
volved, and  fresh  spikes  took  the  place  of  those 
which  were  thus  disengaged  from  the  selvage,  so 
as  to  keep  the  cloth  always  stretched.  This  was 
the  characteristic  of  the  self-acting  temple  in- 
vented by  that  ingenious  mechanic,  Mr.  James 
Smith,  of  Deanston,  who  had  the  spikes  or  teeth 
in  his  discs  set  at  a  slight  angle,  in  a  direction 
outwards  from  the  fabric,  bo  as  to  give  them  a 
better  hold  on  the  selvage.  It  was  a  very  suc- 
cessful invention,  and  very  extensively  used,  till 
superseded  by  the  "roller  temple,"  invented  by 
Messrs.  Kenworthy  k.  Bullough,  in  1841.  This 
contrivance  was  "a  small  roller,  covered  with 
fine  sand,  emery,  or  other  rough  surface,  revolv- 
ing in  a  semi-circular  trough  or  casing  j"  and  the 
cloth  passing  under  the  roller,  and  between  it 
and  the  casing,  was  transmitted  of  a  parallel  and 
uniform  breadth  to  the  cloth-beam.    An  im- 

E-ovement  effected  on  this  roller  temple  by  the 
te  Mr.  John  Kailton,  of  Blackburn,  was 
patented  by  him  in  1842.  In  this  improved 
temple,  two  or  more  rollers  or  bars  are  used, 
which  are  chased  with  a  screw-thread,  one  half 
right-handed  and  the  other  left-  handed,  and  also 
fluted,  so  as  to  present  "  a  continuous  surface  of 
small  points  or  pins."  The  cloth,  being  led  over 
one  roller  aud  under  the  other,  is  kept  distended 
tightly  aud  transmitted  over  the  breast-beam  to 
the  cloth  roller.  Another  temple,  combining 
the  features  of  Mr.  James  Smith  and  Messrs. 
Kenworthy  <fc  Bullough's  patents,  was  invented 
and  patented  in  1852  by  Messrs.  Johu  Elce,  of 
Manchester,  and  John  Bond,  of  Burnley.  In 
this  invention  "  two  or  more  rollers "  are  used, 
as  in  Messrs.  Kenworthy  «fc  Bullough's,  and  they 
are  covered  with  "  rowels,"  and  provided  with 
guards  and  shells,  so  shaped  "  that  the  fabric  to 
be  distended  in  the  loom  is  carried  about  half 
round  each  of  the  rollers."  But  the  temple 
which  has  stood  best  the  test  of  experience,  and 
is  now  in  most  general  use,  is  the  "  trough  and 
roller  temple"  of  Messrs.  Kenworthy  &  Bullough. 

These  several  improvements,  with  others  due 
to  the  varying  skill  and  ingenuity  of  the  different 
makers,  were  to  bo  seen  in  the  looms  exhibited 
in  the  Western  Annex. 

Note  by  the  AutJwr. — In  the  j>ower-looms  ex- 
hibited, as  in  nearly  all,  if  not  all,  other  looms, 
there  are  two  shafts — the  first  and  second, — the 
one  below  the  other ;  of  which  the  first  is  driven 
by  the  strap,  and  is  called  the  first  motion,  from 
which  all  others  in  the  loom  are  derived.  The 
second  shaft  is  called  the  second  motion,  and  is 
in  all  cases  driven  from  the  first  shaft  at  luilf 


the  speed,  or  number  of  revolutions,  by  means 
of  spur  gearing.  By  this  disposition,  the  suc- 
cession or  cycle  of  actions  is  performed  by  the 
.simplest  means.  The  slay  receives  its  recipro- 
cating motion  direct  from  the  first  shaft  by 
means  of  a  pair  of  cranks  and  connecting  mis, 
or  "  arms ;"  whilst  the  changes  of  the  shed 
and  the  throws  of  the  shuttle  are,  with 
si>ecial  exceptions,  derived  directly  from  the 
second  shaft,— each  change  being  timed  once 
for  eveiy  l>eat  of  the  slay.  The  shuttle  may 
be  struck,  or  "picked,"  in  either  of  two 
ways, — by  the  "  overpick,"  or  the  "  underpick 
so  named  after  the  situation  of  the  profiling 
levers  or  "  sticks,"  one  at  each  end,  which  are 
started  from  the  second  shaft.  In  the  overpick, 
the  stick  is  fixed  horizontally  on  the  Upper  end 
of  an  upright  sliaft — the  picking  shaft, — which 
carries  at  its  lower  end  a  short  lever,  armed  with 
a  roller,  which  is  struck  by  a  cam  on  the  second 
shaft  once  every  turn  of  the  shaft.  The  picking 
shaft  is  sharply  turned  on  its  bearings,  and  sways 
the  picking  stick  horizontally  over  the  slay,  from 
one  end  of  which  the  shuttle  is  projKjlled  to  the 
other  end  by  the  stick,  through  the  medium  of 
the  picking  strap  and  picker ;  and  the  picker  is 
prevented  from  travelling  too  far  by  means  of 
the  stop  strap.  So  soon  as  the  cam  clears  the 
lever  on  the  picking  shaft,  the  latter  is  promptly 
j  drawn  back  to  its  first,  or  stationary,  pontion,  by 
l  means  of  a  spring,  through  the  medium  of  the 
heel-strap.  Thus,  a  quick  vibratory  motion  is 
given  to  the  picking  sticks,  the  movements  of 
which  are  regulated  by  three  leather  straps  to 
each,  and  the  shuttle  is  driven  alternately  from 
one  end  of  the  slay  to  the  other,  across  the  web. 

In  the  underpick  motion,  the  picking  stick, 
which  carries  a  leather  picker,  is  placed 
upright  in  the  slay-frame,  and  is  jointed  to  it 
at  the  lower  side,  near  the  base  of  the  loom. 
It  vibrates  in,  and  is  guided  by  a  slot  in  the  slay, 
and  strikes  the  shuttle  direct  The  underpick, 
having  fewer  parts,  more  nearly  direct  connec- 
tions, and  vibrating  on  a  fulcrum  near  the  base, 
works  more  steadily  than  the  overpick,  and  it 
requires  lass  oiling.  For  the  higher  s|>eeds,  with 
plain  and  with  light  goods,  the  overpick  is  usually 
preferred,  as  it  is  light  and  nimble  in  ite  move- 
ments. For  heavy  work  and  lower  sjkhhIs  the 
underpick  is  usually  preferred ;  there  is  less 
strapping  and  less  oil  used  al>out  the  underpick. 


CHAPTER  II. 

HISTORICAL  ACCOUNT  OP  THE  JACQCARD  LOOM.* 

Prior  to  the  advent  of  the  power-loom,  the 
treddles  were  acted  upon  by  the  foot  of  the 

•  For  the  contents  of  this  chapter  tho  Author  is 
indebted  to  a  most  ablo  paper  read  at  tho  Society  of 
Arts,  in  February,  1860,  on  "  Figure- weaving  by 
Electricity,"  by  Mr.  P.  Lo  Novo  Foster,  Secretary  to 
tho  Society  of  Arts. 
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weaver,  for  raising  the  warp  threads  to  form  the 
shed  for  the  passage  of  the  shuttle.  By  a  reverse 
action,  the  upper  portion  of  the  warp  threads  is 
lowered,  and  the  lower  portion  raised,  when  the 
shuttle  again  passes  and  the  interlacing  is  effected, 
which  produces  the  desired  fabric.  Such  is  the 
ojieration  of  plain  weaving,  and  from  this  it  will 
be  readily  understood  that  if  the  warp  threads 
are  not  raised  or  depressed  in  the  alternate  order 
of  succession  abovo  described,  there  will  no 
longer  be  produced  a  plain  and  uniform  surface. 
For  instance,  in  a  twill  the  weft  threads  do  not 
pass  over  and  under  the  warp  threads  in  regular 
alternate  succession,  but  pass  over  one  and  under 
two,  over  one  and  under  three,  over  one  and 
under  eight  or  ten,  according  to  the  kind  of 
twill  intended  to  be  produced.  The  effect  of  this 
is  to  produce  a  kind  of  diagonal-ribbed  appear-  j 
ance,  either  on  the  right  or  wrong  side  of  the 
cloth,  and  a  smooth  and  glossy  effect  on  the 
other,  according  as  the  one  thread  is  crossed 
above  or  below  by  the  weft.  In  order  to  allow  i 
the  weft  to  pass  under  two,  three,  four,  or  more 
threads  at  once,  an  arrangement  is  adopted,  by 
means  of  which  the  weaver  can,  by  the  action 
of  his  foot  on  a  series  of  treddles,  raise  and  de- 
press the  warp,  in  groups,  and  in  the  order  of 
succession  required  for  the  particular  twill  he 
desires.  By  various  combinations  among  the  j 
treddles,  he  produces  many  varieties  of  move- 
ments, giving  rise  to  the  different  kinds  of  twill. 
But  when,  in  addition  to,  or  instead  of  a  twill, 
flowers,  sprigs,  sjjots,  or  any  kind  of  figure,  are 
required,  then  an  amount  of  complexity  arises  j 
which  cannot  be  got  over  by  any  manageable 
number  of  treddles.  The  weft  may  pass  over 
four  and  under  one  at  one  part  of  the  width  of 
the  cloth,  over  two  and  under  two  at  another, 
over  one  and  under  four  at  another,  and  so  on, 
according  to  the  j«ut  of  the  figure  which  may 
happen  to  occur  at  any  particular  part  of  the 
width  of  the  cloth-  The  next  weft  threads 
would  pass  over  or  under  in  a  different  order, 
and  hence  the  warp  threads  would  have  to  bo 
elevated  or  depressed  in  a  continually  varying 
order;  and  to  effect  this  by  increasing  the 
number  of  treddles  is  obviously  impossible  ;  the 
loom  could  not  contain  them,  nor  the  feet  of  the 
weaver  move  them.  This  difficulty  was,  however, 
got  over  by  what  was  termed  the  draw-loom,  in 
which  strings  were  so  arranged  that  a  boy,  by 
drawing  them,  could  raise  the  requisite  waqj 
threads  in  readiness  for  the  shuttle  to  pass.  The 
principle  on  which  this  was  done  is  simple 
enough,  though  the  draw-loom  itself,  with  its 
endless  variety  of  strings,  appears  to  a  visitor  a 
most  incomprehensible  piece  of  apparatus.  The 
warp  threads  pass  through  eyes  or  loops  in  ver- 
tical strings,  each  thread  having  one  string,  and 
these  strings  are  so  grouped  that  the  boy,  by  I 
pulling  a  handle,  draws  up  all  those  warp  threads 
which  are  necessary  to  be  raised  for  one  parti- 
cular shoot  of  the  weft  ;  when  a  different  set  of 
warp  threads  are  required,  he  pulls  a  different  | 


handle.  It  will  thus  be  seen  that,  in  order  to 
produce  any  particular  pattern,  the  arrangement 
of  the  strings  and  handles,  and  the  order  in 
which  the  latter  are  to  be  drawn,  must  have 
been  previously  formed  with  a  view  to  that 
especial  pattern.  To  effect  this  arrangement, 
which  is  termed  "cording  the  loom,"  would 
employ  a  man  several  mouths,  and  then,  of 
course,  it  could  be  used  for  the  one  particular 
pattern  only.  Endeavours  were  then  made  to 
render  the  loom  more  automatic,  and  thus  get 
rid  of  the  boy,  and  his  ]>ossible  mistakes  of 
drawing  the  wrong  handle.  One  of  these, 
called  the  "  draw-boy,"  is  an  ingenious  arrange- 
ment of  mechanism,  which  enables  the  weaver, 
by  means  of  a  t reddle  actuating  a  curvet!  lever, 
to  raise  and  depress  the  warp, — the  lever  travel- 
ling along  a  rack,  so  as  to  act  on  the  different 
warps  in  succession.  This  arrangement  was 
much  used,  whilst  another  extremely  ingenious 
invention  for  the  same  purpose,  the  "  automatic 
carpet  loom,"  by  Mr.  Duncan,  failed  to  come 
into  use.  In  this  loom  the  warp  threads  were 
raised  or  depressed  by  pins  inserted  in  a  rotating 
barrel,  the  pins  being  placed  in  their  proper 
order  of  succession  according  to  the  pattern 
desired. 

The  object  contemplated  by  Jacquard  in  the 
invention  known  by  his  name  was  to  substitute 
an  automatic  mechanical  action  in  lieu  of  the 
boy  who  actuated  the  warp  threads  by  pulling 
the  handles.  At  the  upper  part  of  the  loom  he 
arranged  a  scries  of  perjxmdicular  wires  having 
a  hook  at  each  end,  to  the  lower  one  of  which 
cords  communicating  with  the  warp  threads  were 
attached.  These  wires  he  raised  or  lowered  by 
means  of  a  treddle,  raising  or  lowering  a  frame 
called  the  "  griff  frame,"  which  caught  the  hooks 
at  the  upper  end  of  the  wires.  In  order,  how- 
ever, to  raise  or  lower  these  wires  separately,  or 
in  groujts,  so  as  to  form  the  required  pattern,  the 
followiug  contrivance  was  adopted  : — Each  of  the 
wires  was  made  to  pass  through  an  eye  formed 
in  the  middle  of  a  horizontal  needle,  one  end  of 
which  was  acted  on  by  a  spring  horizontally,  so 
as  to  bring  the  needle  back  again  after  being 
pushed  out  of  its  place.  Opposite  to  the  ends 
of  those  horizontal  needles  he  placed  a  hollow 
quadrangular  prismatic  box  of  metal  pierced  with 
as  many  holes  as  there  were  needles.  This  box, 
by  the  action  of  the  same  treadle,  was  at  each 
stroke  turned  one-fourth  round,  and  its  face 
brought  to  strike  against  the  ends  of  the  needles, 
which,  being  exactly  opposite  the  corresponding 
holes  in  the  box,  would  pass  into  it  and  be  in  no 
way  disturbed.  To  the  face  of  the  box,  however, 
a  (>erforated  card  was  attached,  the  perforations 
of  which  corresponded  accurately  with  some  of 
the  perforations  in  the  box,  whilst  the  un  per- 
forated portion  of  the  card  covered  over  the 
remaining  holes.  Hence  it  is  clear  that  when 
the  face  of  the  box  bearing  the  card  is  pressed 
against  the  ends  of  the  needles,  those  will  be 
driven  back  which  are  unable  to  enter  the  box ; 
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the  needles  thus  pressed  back  act  on  the  vertical 
wires  so  as  to  remove  the  upper  hooks  from  the 
reach  of  the  rising  and  falling  griff,  which  thus 
acts  only  on  those  wires  the  needles  of  which  have 
passed  into  the  holes  of  the  box.  It  will  thus  bo 
seen  that  by  varying  the  holes  in  the  cards,  the 
wires  may  be  raised  or  lowered  accordingly,  car- 
rying with  them  the  warp  threads,  so  as  to  form 
the  pattern.  The  cards  must,  of  course,  be 
carefully  pierced  in  conformity  with  the  desired 
pattern,  and  are  joined  together  loosely  at  their 
edges,  forming  an  endless  chain,  and  are  hung 
over  the  hollow  prismatic  box,  which,  turning 
on  its  axis,  and  having  a  reciprocating  motion 
given  to  it  by  the  weaver's  foot,  brings  a  fresh 
card  forward  at  every  stroke  to  be  presented  to 
the  ends  of  the  needles.  The  accompanying 
woodcut  shows  the  principle  on  which  the  box 
and  cards  are  arranged  in  connection  with  the 
needles  and  hooked  wires.  A  few  only  of  the 
needles  and  wires  are  shown  in  order  to  prevent 
confusion.  Tho  arrangement  usually  includes 
from  400  to  GOO  hooks,  and  sometimes,  for  very 
extended  and  special  patterns,  as  many  as  1,200  j 


Fig.  U*. 


Dug  mu  to  Ulaitrste  the  action  of  the  Jftcquird  Loom. 


even  a  double  1,200  for  some  patterns.  It  will 
at  once  be  perceived  that  the  perforating  of  a 
series  of  cards  so  as  to  produce  any  given  pattern 
is  a  task  which  requires  some  skill,  labour,  and 
time,  varying,  of  course,  according  to  the  simpli- 
city or  complexity  of  the  design  (tig.  49). 

For  the  purpose  of  transferring  the  design  to 
the  cards,  it  is  in  the  first  place  prepared  on 
paper  by  the  designer,  and  is  handed  to  another 
artist,  who  prepares  from  it  what  is  termed  the 
mi$e  en  carte  drawing.  For  this  puqwwe  a  paper 
ruled  with  lines  crossing  each  other  at  right 
angles,  and  at  a  distance  of  about  onc-sixtoenth 


|  of  an  inch  apart,  is  used,  every  square  of  which 
represents  the  intersection  of  a  warp  and  weft 
thread.  Tho  design  is  transferred  to  this  paper, 
which  thus,  on  a  greatly  enlarged  scale,  represent* 
the  formation  of  the  pattern  as  it  should  appear 
when  worked  in  the  fabric.  This  tnise  en  carta 
drawing,  which  takes  some  considerable  time  and 
skill  to  prepare,  is  then  put  into  the  hands  of  the 
"  reader,"  as  he  is  termed,  who  takes  it  as  his 
guide  for  perforating  the  corresponding  cards, 
which  is  precisely  the  reverse  operation  to  that 
by  which  the  card  produces  the  pattern.  It  is, 
in  fact,  a  beginning  at  the  other  end  of  the 
process,  and  instead  of  the  cards  regulating  the 
action  of  the  needles,  and  through  them  govern- 
ing the  warp  threads,  tho  pattern  being  formed 
by  hand,  warp  threads  are  made  to  actuate  the 

I  needles,  wliich  thus  form  the  punches  used  for 
perforating  the  cards.    The  reader  forms  in  a 

'.  frame  a  series  of  stout  vertical  cords  to  repre- 
sent the  waqxs,  and  with  these  he  interlaces  by 
hand,   following  the  mine  en  carte  drawing, 

'  a  series  of  horizontal  cords  representing  tho  weft, 

'  thus  forming  the  design  of  large  size  loosely 
and  in  a  very  coarse  material  As  he  proceeds  in 
tho  formation  of  his  pattern,  he  takes  the  warp 
threads  which  stand  forward  at  each  particular 
portion  of  the  pattern,  representing  those  which 
would  actually  be  elevated  in  the  loom,  and  carries 

'  them  to  the  hooks  of  small  rods,  which  represent 
what  in  the  loom  would  be  the  hooked  wires  of 
the  Jacquard,  so  that  by  suitable  mechanical 
arrangements,  when  these  warps  are  pulled,  a 
number  of  small  steel  punches  are  driven  into 
a  metal  plate  pierced  with  as  many  holes  as  a  card 
is  made  to  contain.  This  metal  plate,  with  its 
loose  punches,  is  then  placed  on  a  table  over  the 
card,  the  whole  put  under  pressure,  and  as  the 
steel  punches  are  somewhat  longer  than  the 
thickness  of  the  plate,  they  are  forced  through 
the  card,  which  thus  represents  accurately  the 
warp  threads  at  that  point  of  the  pattern.  The 
next  series  of  warps  in  the  pattern  is  dealt  with 
in  the  same  manner  until  the  pattern  is  ex- 

;  hausted.    The  cards,  previously  numbered  as 

i  they  are  punched,  are  strung  together  in  their 
proper  order,  and  thus  form  the  means  of  pro- 
ducing the  pattern  in  the  fabric  in  the  manner 
previously  described.  Many  months,  in  some 
instances,  are  occupied  in  this  process.  It  must 
be  remembered,  too,  that  the  set  of  cards  thus 
made  serves  for  tho  one  pattern  only,  and  is 
useless  for  any  other.  Such  being  the  case,  it 
is  not  to  be  wondered  at  that  men's  minds  should 
have  been  constantly  engaged  in  endeavouring 
to  devise  means  for  simplifying  or,  if  {Kjssible, 
getting  rid  entirely  of  this  tedious  and  costly 
though  very  ingenious  portion  of  the  arrange- 
ment, and  many  contrivances,  having  this  for 
their  object  or  for  the  improvement,  have  ap- 
peared. In  1844,  an  arrangement  was  rewarded 
by  the  Society  of  Arts. 

It  was  invented  by  Mr.  W.  C.  Riding,  and  was 
called  an  index  machine,  and  was  a  modification 
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of  Duncan's  barrel,  with  shifting  pegs  for  changing 
tho  pattern.  The  pegs  in  Mr.  Ruling'*)  apparatus 
ncted  in  connection  with  the  Jacquard  wires. 
It  was,  however,  applicable  for  small  patterns 
ouly,  and,  though  brought  iuto  use  at  the 
time,  has  not  been  extensively  employed.  A 
loom  on  this  principle  was  exhibited  at  the 
Exhibition  of  1851  by  M.  Moreau.  Mr.  Barlow 
also  exhibited  in  1831  a  double  loom,  in  which 
the  cards  were  made  to  jtass  over  two  revolving 
prismatic  boxes,  by  which  means  two  fabrics  of 
the  same  pattern  were  woven  at  once  from  the 
same  set  of  cards.  Subsequently  to  this,  a  very 
ingenious  invention  for  getting  rid  entirely  of 
the  cards  was  brought  out  by  Mr.  K.  Laforcst, 
described  in  a  j>a|>cr  read  before  the  Institution 
of  Civil  Engineers.  The  object  of  this  invention 
was  to  substitute  a  continuous  band  of  jwrforated 
paper  for  the  cards.  Not  only  by  this  means 
was  a  great  amount  of  weight  and  expense  got 
rid  of;  but  by  means  of  a  "reader,"  also  the  in- 
vention of  Mr.  Li  forest,  the  bands  of  prepared 
paper,  it  is  mud,  could  1*  cut  at  the  rate  of  .'5,000 
j»er  hour,  instead  of  tho  slow  and  tedious  process 
of  producing  tho  cards.  This  arrangement, 
though  ingenious,  has  not  come  into  operation, 
partly  from  the  minuteness  and  crowding  of 
many  of  its  parts  rendering  it  liable  to  get  out 
of  order,  and  chiefly  liecausc  of  the  expansion 
and  contraction  of  the  paper  in  varying  states  of 
the  weather. 

The  Jacquard  loom  did  not  come  geneinlly 
into  uso  in  this  country  till  about  thirty  years 
ago,  and  now  it  has  completely  su|>erseded  every 
other  description  of  apparatus  for  producing 
figured  work  in  the  loom.  It  is  applied  to  the 
power -looni,  and  has  !>een  adapted  to  carj>et- 
weaving  and  lace-making.  Numerous  improve- 
ments in  detail  have  fj-oni  timo  to  time  been 
made,  among  which,  and  in  particular,  the  in- 
vention of  Mr.  Rennet  Woodcroft  deserv  es  notice, 
namely,  an  arrangement  by  which,  while  one 
portion  of  the  warp  threads  is  elevated,  the  other 
is  not  merely  left  at  rest,  but  depressed.  This 
has  been  found  of  essential  service  in  certain 
classes  of  weaving.* 


CHAPTER  IT  I. 


Machinery 


EXHIBITED 
AND  HONS, 


BY  MESSRS.  J. 
BLACKBURN. 


HARRISON 


Messrs.  Harrison  exhibited  a  complete 
series  of  machinery  for  treating  the  yam,  pre- 
paratory to  and  inclusive  of  the  process  of 
weaving  into  cloth, — comprising  the  Operattona 

•  A  work  recently  published  (Juno,  18o"3),  by  Mr. 
Bonnet  Woodcroft — M  Brief  Biographies  of  Inventors 
of  Machines  for  tho  Manufacture  of  Textilo  Fabrics," — 
contains  many  interesting  particulars  of  tho  proceed- 
ings of  early  inventors  of  spinning-  and  weaving  ma- 
chinery. 


of  winding,  warping,  sizing,  and  weaving  cotton 
and  linen.  They  were  of  excellent  workman- 
ship, and  Creditably  designed. 
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1.  Winding  Machine. — This  machine  h  for 
winding  yarn  from  the  cop  on  sjkk>1s  or  bobbins. 
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called  "  warper'8  bobbins,"  for  the  purpose  of 
raping  or  beaming  the  yarn.  The  threads  are 
unwound  from  the  cojw  or  sjiools,  and  directed 
through  "  featheml  guides,"  or  minute  slits  in 
thin  plates,  sufficiently  wide  to  pass  the  thread 
so  long  as  it  is  of  the  projjer  thickness,  but  to 
intercept  the  thicker  ]iarts.  The  slits  are 
feathered,  or  branched  with  blind  ends,  to  pre- 
vent the  threads  being  slipped  upwards  out  of 
the  slit  by  an  indolent  attendant,  when  a  thick 
part  is  seen  to  approach  the  guide.  The  threads 
are  also  passed  through  brushes,  which  intercept 
dirt,  and  lay  the  fibres.  The  bobbins  are  filled 
regularly  and  uniformly.  There  Ls  an  arrange- 
ment for  winding  cotton  or  linen  yarn  from 
throstle-bobbins  on  to  warper's  bobbins.  The 
spindles  are  adjustable  to  a  level,  by  means 
of  set-screws  below  the  spindle-rails,  after  tho 
displacement  to  which  they  are  subjected  by 
the  operation  in  putting  on  the  bobbins.  The 
vertical  movement  for  shaping  the  bobbin  is 
derived  from  heart-sliaj>ed  cams  on  a  sliaft,  by 
means  of  which  the  bobbins  can  Iks  filled  up 
in  any  form.  The  winding  machine  was  ex- 
hibited with  32  spindles,  which  wind  400  lb.  of 
forties  twist  in  a  week.  It  may  l>e  made  for  any 
number  up  to  450  or  500  spindles  (fig.  50). 

2.  Warping  MacJUne. — The  next  operation  is 
to  wind  the  yarn  from  the  warper's  bobbins  on 
beams,  by  means  of  the  war) dug  machine.  The 
chief  novelty  in  thus  machine  consists  in  the 
method  of  sup|>orting  the  rollers  on  centre 
points,  on  Knowles  tk  Blackburn's  system,  to 
revolve  easily,  without  undue  tension  on  tho 
yarn,  and  to  obviate  breakages.  It  is  also  sup- 
plied with  a  letting-hack  motion,  whereby,  when 
a  thread  is  broken,  the  roller  am  be  reversed,  and 
the  broken  end  discovered,  to  be  reunited.  By 
a  self-acting  motion,  the  machine  is  stopjied 
when  the  required  length  of  warp  is  wound  on 
the  beam.  The  drum  on  which  the  beam  re- 
volves is  made  to  lie  contracted  or  extended 
lengthwise,  according  to  the  width  of  beam 
required.  This  machine  is  capable  of  working 
Surat  and  other  low  cottons,  and  generally  more 
delicate  yarns  than  the  ordinary  machine.  It 
is  also  applicable  for  winding  silk  (fig.  50). 

3.  Sizing  Mac/tint. — The  function  of  this 
machine,  commonly  called  the  "slasher,"  is  to 
size  or  dress  the  warp  from  the  warper's  beams, 
to  prepare  it  for  weaving.  The  yarn  is  brought 
from  the  warper's  beams,  through  boiling  size, 
and  over  drying  cylinders,  and  is  ultimately 
wound  on  the  weaver's  beam.  The  warper's 
beams,  usually  six  in  number,  sometimes  eight, 
are  hung  on  a  creel  or  st:uid,  and  set  accurately 
in  line  by  means  of  adjusting  screws.  The  Isdl- 
ing  size  is  contained  in  a  1k>x  lined  with  copper, 
to  prevent  oxidation,  and  the  threads  from  tho 
several  beams  are  all  run  together  into  the  sizing- 
hox,  and  pass  under  the  immersion  or  sizing 
roller,  which  is  of  copper.    The  yarn  then 


ascends,  and  Is  jiussed  between  two  pairs  of 
squeezing  rollers,  over  the  size-box,  of  which 
the  upper  rollers  are  covered  with  flannel,  which 
preserves  the  round  form  of  the  thread  ;  whilst 
at  the  same  time  it  presses  the  size  into  the 
thread,  and  so  strengthens  it  considerably.  The 
quantity  of  size  required  to  be  put  into  the 
thread  can  be,  in  a  great  measure,  regulated  by 
the  quantity  of  flannel  put  on  the  rollers.  The 
under  rollers — one  of  which  is  of  copper,  cast  in 
a  piece,  lx>red  out,  and  expanded  on  a  mandril, — 
are  hooped  at  the  ends  with  brass,  and  run  on 
brass  pulleys,  giving  a  smooth  motion,  and  pre- 
serving the  ends  of  the  rollers  from  injury  by 
the  size.  The  sizing  roller  is  lowered  and  re- 
tained by  gearing ;  the  copper  roller,  being  seam- 
less, is  free  from  the  objections  to  brazed  rollers, 
in  which  tho  seam  is  acted  on  by  the  acid  matter 
in  the  size.  The  yarn  is  now  )>asscd  over  two 
large  drying  cylinders  of  copper,  or  of  sheet-iron, 
which  arc  heated  by  steam  of  101b.  or  121b. 
pressure,  having  a  temperature  of  240  degrees 
Fahrenheit.  Tho  supply  of  steam,  and  con- 
sequently of  heat,  is  regulated  by  moans  of  a 
throttle-valve  ;  and,  when  the  machine  isstopjied, 
the  steam  is  shut  off  altogether  by  the  same 
handle  tliat  stops  the  machine,  which  Is  an  im- 
portant provision  to  prevent  accidental  overheat- 
ing of  the  yarn.  The  cylinders  are  made  with 
manholes  in  one  end,  covered  with  steam-tight 
lids,  and  there  is  provision  for  the  escape  of  con- 
densed steam  from  the  cylinders  through  the 
axle.  There  are  also  syphon-boxes  for  the  pur- 
pose of  condensing  the  steam  as  it  comes  from 
the  drying  cylinder,  with  provision  for  turning 
the  waste  steam  direct  into  the  size-box,  to  lioil 
the  size  when  needful.  There  is  also  a  diminish- 
ing or  reducing  valve,  to  regulate  the  supply 
of  steam  to  the  cylinder,  and  to  keep  it  at 

I  a  uniform  pressure  and  temperature  therein. 

;  From  the  drying  cylinders,  the  yarn  Is  led  by 
means  of  guide  rollers  over  and  around  a  fan, 
which  directs  a  strong  current  of  air  over  the 
yarn,  to  complete  the  drying  of  it;  thence  it 
)iasses  over  a  larger  roller  driven  from  tho 
last  pair  of  sizing  rollers,  with  an  adjustable 

J  friction-coupling  at  one  end,  to  regulate  the 
tension  on  the  yam  during  the  drying  process. 

!  The  yarn  Is  finally  wound  on  the  weaver's  beam, 
which  is  driven  by  means  of  a  pair  of  conical 
drums  with  a  shifting  lielt,  to  maintain  a  uni- 
form winding  s|ieed,  as  the  roll  enlarges,  and  to 
equalize  the  drag  on  the  yarn.  By  means  of 
this  improved  machine,  100,000  yards  of  warp 
may  be  dressed  j>er  week,  sufficient  to  supply 
300  looms.  Surat  and  American  cotton  may  be 
worked  equally  well,  as  the  degree  of  tension 
may  be  adapted  to  the  quality  of  yarn.  The 
sizing  machine  exhibited  by  the  same  construc- 
tors in  1851  was  adapted  for  supplying  only 
120  looms ;  whilst  the  machines  previously  in 
use  could  supply  only  20  looms.  Messrs.  Har- 
rison have  estimated  that  the  quantity  of  pro- 
duction through  the  sizing  machine,  which 
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would  prcvioni  to  1851  have  o>*t 
£18  per  week,  and  in  1851  .£3  |>er 
■week,  can  now  Iks  done  by  tln-ir 
machine  for  law  than  1 4s.  per  week, 
reckoning  with  a  cheaper  kind  of 
labour,  in  consideration  of  the  greater 
degree  of  c;ls<-  and  safety  with  which 
their  machine  can  be  attended  to 
(fig.  51). 

4.  Calico  Loom,  with  Loose  Heed. 
— This  loom  is  adapted  for  weaving 
calicoes,  shirt  ing,  and  printing  cloths, 
also  cambrics  and  jacconets.  It  can 
also  be  arranged  to  weave  twill  and 
fancy  cloths.  It  is  40^  inches  wide 
in  the  "  reed  space,"  which,  in  fact, 
means  the  length  of  the  reed,  suited 
for  a  web  36  or  38  inches  wide  ;  at 
the  most  suitable  speed  for  this  loom 
it  makes  180  picks  per  minute.  It 
has  worked  at  220  picks  jwr  minute, 
and  has  even  made  as  many  as  300 
picks  per  minute  ;  but  not  so  econo- 
mically  as  at  the  lower  speeds,  as 
the  breakages  of  threads  are  nume- 
rous at  such  speeds,  and  there  are 
extra  delays,  and  extra  attendance 
is  required  where  one  man  takes 
charge  of  three  looms.  Tliis  loom 
has  an  overpick  motion  ;  the  picking 
tapjiet  is  in  two  pieces,  bolted  to- 
gether, with  the  flanges  serrated  on 
the  face,  to  prevent  slipping,  should 
the  bolts  be  loosened.  The  healds 
for  the  shedding  motion  receive  their 
alternate  vertical  motion  from  a 
slotted  cam  on  the  second  shaft, 
through  an  intermediate  shaft  with 
circular  segments ;  this  motion  is 
said  to  work  with  less  resistance 
than  the  ordinary  treddles.  The 
cranks  on  the  first  shaft  are  formed 
on  it  by  means  of  dead  pressure, 
and  thus  the  grain  and  strength  of 
theshaiftare  preserved.  The  taking- 
up  motion  is  jiositive  ;  and  the 
taking- up  roller  is  of  sheet -iron, 
covered  with  a  composition  not  af- 
fected by  damp  (tig.  50). 

5.  Heavy  Calico  Loom,  with  Fast 
Reed.  —  Tli  is  loom  is  adapted  for 
weaving  "  heavy  domestics,"  twilled 
goods,  and  strong  chills  and  tweeds. 
It  has  the  overpick  motion,  antl 
makes  180  picks  per  minute.  It  has 
a  cast-iron  taking-up  roller,  fluted 
and  chased,  and  a  brake  to  stop  the 
loom  promptly  when  i"equiretl  (fig. 
50). 

6.  Linen  Loom.  —  This  loom  is 
adapted    for   light,    medium,  and 
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heavy  linens.  It  is  fitted  with  Collier's  posi- 
tive motion  for  letting  off,  and  with  a  positive 
taking-up  motion,  the  two  movement*  being 
in  connection  and  working  in  concert,  so  that 
the  warp  is  delivered  from  the  yarn-beam  at 
the  same  rate  when  nearly  empty  as  when 
full.  The  object  of  this  lctting-off  motion  is 
to  produce  a  uniform  tension  throughout  the 
warp  without  the  aid  of  the  workman.  It 
is  fitted  with  the  trough-and-roller  temple.  Two 
vibrating  shells  arc  applied  at  the  lwck  of  the 
loom,  the  lower  shell  regulating  the  tension 
on  the  yarn,  the  upper  one  giving  ease  to  the 


treddles  in  clianging  the  shed.  Linen,  though 
strong,  is  eomjKiratively  a  brittle  thread,  more 
liable  to  break  than  cotton,  and  it  needs  more 
careful  treatment.  The  shed  is  made  by  means  of 
two  treddles,  worked  by  two  cams  on  the  second 
shaft,  with  four  healds  coupled  two  and  two. 
The  loom  is  fitted  with  an  undcrpick  motion, 
usually  making  150  to  100  picks  per  minute; 
the  motion  is  derived  from  the  second  shaft, 
by  a  lever  on  each  end,  which  revolves  and 
strikes  a  stud  on  a  horizontal  wooden  lever, 
connected  with  and  moving  the  picking 
with  an  clastic  touch  (figs.  50  and  52). 


Li  six  Loom,  by  Mi 


CHAPTER  IV. 

MACHINERY  EXHIBITED  BY  MESSRS.  W.  DICKINSON 
AND  SONS,  BLACKBURN. 

Messrs.  Dickinson  exhibited  a  siring  machine 
and  three  j^wer-looms. 

1.  Sizing  Machine. — This  machine  was  similar 
to  that  of  Messrs.  Harrison  ifc  Sons,  and  was 
capable  of  supplying  warj»  for  300  looms. 

2.  Calico  Loom,  xoiUi  Loose  Real.— This  was 
a  plain  loom  of  ordinary  construction,  with  the 
overpick  motion  which  was  invented  by  Mr. 
Dickinson  in  the  year  1827.  This  loom  was 
noted  for  the  crank-arms,  on  Mr.  W.  E.  Taylor's 
principle,  which  were  applied  to  it  Tho  "crank- 
arm'*  is  what  a  steam-engineer  would  call  a 
connecting  rod,  connecting  the  crank  on  the 


i.J.  Hutu  pn  A  Sons. 

first  shaft  to  tho  Irnck  of  the  slay.  The  speciality 
of  this  crank-arm  is  that  it  is  very  short,  being 
reduced  from  12  inches,  the  usual  length,  to 
4  inches  long,  about  one  and  a  half  times  the 
length  of  the  crank ;  and  to  those  who  are 
familiar  with  the  motion  of  tho  piston  of  a  steam- 
engine,  it  must  be  obvious  that  whilst  the  crank 
revolves  at  a  uniform  velocity,  the  slay  will  be 
promptly  moved  up  to  the  web  and  withdrawn 
from  it  during  one-half  of  a  turn  of  the  crank,  and 
will  be  retained  nearly  stationary  during  the 
second  half  turn,  causing  thereby  a  "dwell," 
during  which  time  the  shed  nuiy  remain  open 
for  the  passage  of  the  shuttle,  and  for  a  longer 
period,  at  a  given  sjwed  of  loom,  than  with 
a  crank-arm  of  the  usual  length.  The  principle 
of  this  crank-arm  is  good,  but  it  must  be  worked 
in  moderation.  The  loom  may,  no  doubt,  with 
this  crank-arm  be  worked  at  a  higher  speed, 
whilst  the  shuttle  travels  at  a  lower  sjiccd  than 
with  the  common  arm ;  but  it  is  obvious  that 
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the  Htrain  on  the  slay  and  ita  connections,  being 
extremely  irregular,  must  be  excessive  at  the 
higher  speeds.  A  clearer  shed  is  obtained  for 
the  shuttle,  for  which  a  saving  of  half  the 
breakages  of  yarn  is  claimed.  Be  that  as  it  may, 
it  is  obvious  that  the  picking  motion  may  be 
worked  with  greater  ease,  and  with  a  saving  of 
jK>wer,  at  the  same  speed.  Mr.  Wm.  M'Naught, 
of  Manchester,  having  tested,  by  means  of  a 
differential  dynamometer,  the  comparative  power 
required  to  work  two  looms  of  the  same  con- 
struction, and  working  at  the  same  speed  — 
about  230  picks  j>er  minute,— weaving  the  same 
breadth  and  quality  of  cloth  ;  he  found  that  one 
of  the  looms  having  Taylor's  crank-arms  at- 
tached required  from  twenty  to  twenty-five  ]k*t 
cent,  less  power  to  work  it  than  the  other,  with 
an  ordinary  crank-arm.  If  this  result  be  adopted,  : 
it  would  show  that  the  projMJrtion  of  power  re-  I 
quired  to  threw  the  shuttle  Ls  greater  tlian  that 
required  to  work  the  slay  ;  and  that  the  saving 
by  reducing  the  speed  of  the  shuttle  was  greater 
than  the  increase  of  power  required  to  work  the 
slay  with  an  unequal  movement.  The  loom  fre- 
quently worked  at  350  picks  j)er  minute ;  and  at 
420  picks  as  the  maximum.  The  weft  threads 
were  frequently  broken.  Messrs.  Dickinson  have 
applied  Taylor's  crank-arm  to  all  the  looms  in 
their  own  mills, — alsnit  1,000.  Though  the 
principle  of  the  short  crank-arm  is  not  novel, 
there  is  no  doubt  that  the  revival  of  it  in  the 
Western  Annex  has  redirected  general  atten- 
tion to  its  capabilities.  Whether  it  will  ulti- 
mately lead  to  a  general  increase  of  sjiecd  in 
looms  is  a  question  for  further  experience,  but 
there  appears  to  Ihj  no  doubt  tliat  for  the  same 
s]M?cds,  Taylor's  crank-arm  may  Ihj  advanta- 
geously sulnstituted  for  the  ordinary  arm.  It  is 
also  specially  adapted  for  wide  heavy  looms, 
where  a  "dwell"  is  desirable,  for  a  long  throw 
of  the  shuttle. 

This  loom  lias  four  healds  in  two  pairs,  worked 
by  two  cams  or  tappets  on  the  second  shaft, 
acting  on  two  treddles  of  asli.  The  yarn  is 
strained  by  a  rod  across  the  Iwck  of  the  loom, 
which  kee[is  it  in  tension,  and  eases  it  for  the 
shetl,  Wing  for  this  purpose  vibrated  by  an  ec- 
centric motion  from  the  first  shaft.  The  taking- 
up  beam  is  a  hollow  iron  casting  covered  with 
laths  and  emery,  laid  on  with  glue,  which  will 
answer  for  dry  warps,  but  not  for  wet.  A  brake- 
wheel  is  applied  to  the  crank-shaft,  to  which  a 
self-acting  brake  is  applied  when  the  loom  is 
thrown  out  of  gear. 

3.  Fancy  Loom—  This  loom  is  adapted  for 
weaving  dress  pieces,  —  as  checks,  ginghams, 
diaj>ers,  velvets,  and  linsey-wolseys.  It  is  con- 
structed similarly  to  the  first  loom  already 
descrilied,  but  has  in  addition  a  three-shuttle 
drop-box  for  three  shuttles,  with  eleven  healds 
and  the  "  dobby"  jmtented  by  Mr.  W.  Bullough 
attached.  Prevision  is  thus  made  for  changing 
the  substance  of  the  web  and  working  it  out  to 


a  pattern, — first,  by  means  of  the  shuttles,  which 
carry  three  bobbins  of  threads  of  different  texture 
and  colour,  to  introduce  three  varieties  of  thread 
into  the  weft ;  second,  to  make  several  changes 
in  the  disposition  of  the  warp  for  making  the 
shed,  by  means  of  the  healds,  which  control 
the  warp  threads.  As  the  changes  are  neces- 
sarily irregular  in  time  and  in  sequence,  they 
are  provided  for  by  sj>ecial  appliances.  In  the 
first  place,  the  changes  of  the  weft  are  made  by 
raising  or  lowering  the  shuttle-box,  which  holds 
three  shuttles  deep,  so  as  to  bring  the  proj»er 
shuttle  to  the  level  of  the  picker,  to  l>e  thrown 
across  the  warp  and  back  again.  The  same 
thread  may  be  required  to  be  thrown  several 
times  successively,  and  the  shuttle-tax  remains 
stationary  till  the  next  change  of  thread  is  re- 
quired. By  means  of  a  self-acting  motion  derived 
from  the  dobby  frame,  an  endless  chain,  with  links 
of  three  different  depths,  is  shifted  round,  one 
link  at  the  right  time,  upon  an  axis ;  and  a  lever, 
which  is  connected  with  the  drop-  box,  Ixairing 
upon  the  particular  link  of  the  chain  which  U 
uppermost  by  means  of  a  friction -roller,  is  at 
the  same  time  raised  or  lowered  according  to 
the  depth  of  the  next  link  which  is  drawn  under 
it;  the  drop -box  is  also  raised  or  lowered  by 
the  lever,  and  so  makes  the  change  of  shuttle. 
The  number  of  links  in  the  chain  is  therefore 
equal  to  the  number  of  changes  in  the  weft  thread 
requisite  to  complete  the  {Kittem,  which  of  course 
repeats  itself. 

Again,  to  make  the  consecutive  changes  in  the 
warp  threads  for  the  shed,  the  healds,  eleven  in 
number,  which  control  the  warp  threads,  are 
suspended  by  the  medium  of  wires  and  levers 
from  the  dobby  frame ;  the  changes  are  m.-ule 
similarly  to  those  of  the  Jacquard,  by  the  instru- 
mentality of  two  series  of  "lags,"  or  cross  pieces 
of  wood,  attached  to  and  travelling  with  two 
endless  bands,  numbering,  in  this  instance, 
1 80  lags  on  each  Viand.  There  are  eleven  lines 
of  pegs  fixed  on  the  lags,  with  certain  vacancies, 
and  where  there  are  no  pegs  there  are  holes  in 
the  lags.  As  Mich  lag  is  presented  successively 
to  the  wires  from  which  the  levers  or  jacks  and 
the  healds  are  susjwnded,  the  pegs  which  are 
present  knock  Itack  the  wires  opposed  to  them  ; 
and  the  wires  which  are  not  knocked  back — 
namely,  those  which  are  opposed  to  the  blanks — 
are  carried  up  to  form  the  shed.  The  lags  are 
changed  by  means  of  a  ratchet  motion  worked 
by  a  crank  on  the  second  shaft,  which  turns  a 
pin-wheel  on  the  axis  of  the  "  cylinder"  on  which 
the  lag  bands  are  shifted. 

Jacks  for  the  taking-up  motion  are  worked  by 
the  dobby  frame  alongside  the  heald-jacks.  The 
tension-roller  vibrates  in  front,  just  over  the 
taking-up  rollers,  to  equalize  the  tension  on  the 
warp  yarns,  histoid  of  behind,  as  is  usual. 

This  loom  weaves  three  yards  j>er  hour.  The 
combination  of  the  simple  direct-acting  dobby 
with  the  chain  motion  of  the  deep  boxes,  afford* 
facilities  for  weaving  any  length  of  pattern,  and 
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any  change  can  be  made  in  the  design  with  case 
(%  53). 

4.  Fancy  Loom,  with  Siwjle  Shuttle. — This 
loom  is  constructed  in  all  respects  like  the  fore- 


going fancy  loom,  except  that  it  has  but  one 
shuttle.  It  is  adapted  for  weaving  Indian 
scarfs.    It  produces  about  four  yards  jn?r  hour. 

The  fancy  looms  exhibited  by  Messrs.  Dickinson 
were  effective  and  creditable  machines. 


Fig.  63. 


CHAPTER  V. 

MACHINERY  EXHIBITED  BY  MESSRS.  J.  DUO  DALE 
AND  SONS,  BLACKBURN. 

Messrs.  Dugdale  *fc  Sons  exhibited  a  winding 
machine  and  two  looms. 

1.  Winding  Macltine. — This  macliine  is  de- 
signed for  winding  twist  from  the  cop  on  to  the 
warper's  bobbins.  It  makes  a  barrel* shaped 
lx»bbin,  with  the  mangle-wheel  motion.  A  pinion 
on  the  axis  of  the  mangle-wheel  gears  into  one 
end  of  a  rack-bar,  which  thus  derives  an  alter- 
nate horizontal  motion.  The  other  end  of  the 
rack-bar  gears  with  an  eccentric  toothed  pinion, 
which  reciprocates  with  a  rotation  alternately 


fast  and  slow.  This  varying  velocity  is  com- 
municated by  tin  ordinary  pinion  on  the  same 
shaft  to  an  upright  rack,  which  guides  the  thread 
on  the  bobbin, — slowly  over  the  middle  of  the 
bobbin,  and  more  quickly  over  the  ends,  result- 
ing in  a  barrel  shape. 

The  threads  ]>ass  through  plain  slits  in  the 
steel  guide -plates  fixed  to  the  traverse-rail,  to 
jmuw  the  thread  freely,  but  to  intercept  and 
break  off  knots.  The  guide -plates  are  con- 
tinuous, to  prevent  attendants  slipping  the 
threads  out  of  the  slits  and  over  the  ends  of  the 
plates,  an  object  which  is  provided  for  in  Messrs. 
Harrison's  winding  machine  by  the  "feathered 
guide."  The  elevation  of  the  spindles,  for  bob- 
bins of  unequal  sizes,  is  adjusted  by  means  of 
set  screws.    When  the  cops  arc  nearly  all  run 
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off,  they  are  placed  on  the  "jigger,"  with  the 
spindles  in  a  horizontal  position,  to  complete  the 
unwinding  with  facility.  The  brush  for  clean- 
ing the  thread  is  in  three  linen,  H|>accd  a  little 
apart,  and  is  thus  more  easily  got  at  to  lie 
cleaned  than  when  in  one  continuous  breadth. 
This  machine  is  exhibited  with  DG  spindles,  in 
two  rows. 

2.  Fast-reed  Loom. — This  loom  is  adapted  to 
weave  heavy  domestics,  twilled  and  plain  goods, 
drills,  and  tweeds.    It  wtus  weaving  four-lcavcd 


twill,  having  four  hcalds,  connected  to  four 
t  i  vddles  worked  by  tappets  or  aims.  Thetappet- 
shiift  for  four-leaved  twill  is  distinct  from  and 
driven  by  the  second  shaft — by  gearing,  making 
one  turn  for  two  of  this  shaft,  or  one  for  one  of 
the  first  shaft, — the  tapjnjts  being  timed  to  strike 
alternately.  The  loom  has  an  overpick,  and 
makes  220  pieks  per  minute.  A  "  picker-pre- 
server "  is  attached  to  the  shuttle-box,  consisting 
of  a  leather  strap,  which  slides  on  the  fly-spindle, 
to  receive  and  stop  the  shuttle,  one  end  of  it 
being  attached  to  an  elastic  lath  of  wood  fastened 
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Calico  Loom,  by  Messrs.  l'Utt  Drothcra  &  Co.,  Oldham. 


to  the  shuttle-box.  By  means  of  a  brake-wheel 
on  the  first  shaft,  the  loom  can  lie  instantly 
stopped  when  the  baud  is  thrown  off. 

3.  Loose-reed  Loom. — This  loom  is  adapted  for 
fine  goods.  It  has  an  overpick,  and  makes  250 
to  260  picks  per  minute.  The  chief  novelty  Ls 
the  shedding  motion,  by  which  the  hcalds  are 
pulled  straight  up  and  down,  l»eing  strung  up 
over  upper  and  lower  rollers.    On  the  shaft  of 


the  lower  rollers  a  toothed  pinion  is  fixed,  and 
worked  by  a  horizontal  nick  with  a  reciprocating 
motion  derived  from  a  cam  on  the  second  shaft. 
By  the  straight  vertical  movement  of  the  healds, 
compared  with  the  angular  action  of  the  treddles, 
there  is  less  rubbing  of  the  reeds  upon  the  warp 
threads,  and  the  size  is  better  retained,  which 
yields  a  better  cover  or  nap  on  the  cloth.  There 
is  another  refinement  about  this  loom,  the  object 
of  which  is  further  to  improve  the  nap  by  throw- 
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ing  uj>  the  fibres  of  the  weft, — the  warp  shed 
closing  earlier  than  usual,  and  holding  the  weft 
closer  between  the  folds  of  the  shed  as  it  is  being 
driven  up  by  the  slay. 

4.  Contracting  Collars. — For  slubbing,  roving, 
and  other  spindles,  in  spinning  machinery. 
There  is  an  arrangement  fur  contracting  the 
collar  by  a  slight  turn  of  a  key,  when  it  or  the 
spindle  becomes  worn,  to  make  the  collar  a  good 
tit,  and  to  steady  the  spindle. 


CHAPTER  VI. 

SUNDRY  PLAIN  CALICO  LOOMS. 

Messrs.  Booth  &  Chambers,  of  Bury,  exhibited 
a  plain  calico  loom,  with  loose  reed  and  under- 
pick,  in  which  various  novelties  are  claimed. 
The  second  shaft,  from  which  the  picking  motion 
is  derived,  is  driven  by  the  first  sliaft,  through 
a  carrier- wheel.  Tho  pick  is  i>erfomicd,  on 
Todd's  principle,  by  a  hammer  on  each  end  of 
the  second  shaft,  which  strikes  an  intermediate 
horizontal  lever,  which  pulls  over  the  picking- 
stick,  to  which  it  is  connected  by  a  strap.  The 
healds  are  stretched  by  endless  bands  passing 
over  pulleys  on  the  upjwrand  lower  heald-shafts, 
and  are  worked  by  means  of  a  pinion  on  the 
lower  heald- shaft,  driven  by  a  reciprocating 
rack,  worked  from  the  second  shaft  by  means  of 
a  pair  of  spur-wheels  and  a  crank.  Thus,  the 
healds  move  straight  up  and  down.  The  letting* 
off  motion  is  actuated  by  the  blow  of  the  reed 
on  the  cloth,  and  is  worked  from  the  slay-sword 
by  means  of  a  ratchet-wheel,  and  a  worm  gearing 
into  a  worm-wheel  on  the  warp -beam,  as  in 
Messrs.  Harrison's  linen  loom  :  this  method  was 
patented  by  Mr.  Collier,  of  Halifax,  about  twelve 
years  ago,  and  originated  in  a  patent  by  Mr.  T. 
Melladine,  of  Oldham,  in  1834.  Tho  taking-up 
motion  is  of  that  class  which  is  regulated  by  the 
increasing  diameter  of  tho  cloth-beam,  in  place 
of  the  usual  ratchet-wheel  motion.  The  mot  ion 
is  given  by  a  lever  carrying  wedges  acting  against 
the  circumference  of  a  plain  wheel  or  disc,  tho 
motion  of  the  lever  Iwing  less  as  the  cloth-beam 
increases.  Thus  the  emery  roller  is  dispensed 
with,  and  the  cloth  is  secured  at  every  pick. 
These  motions  are  not  new. 

There  is  a  vibrating  rail  parallel  with  the  yarn- 
beam,  in  which  the  yarn-l»eam  rests  in  such  a  I 
manner  as  to  do  away  with  the  difference  of  j 
leverage  arising  from  a  full  and  an  empty  lx»am,  | 
and  thus  dispensing  with  the  friction  levers,  ! 
chains,  and  weights.    The  loom  made  230  picks 
per  minute,  but  the  usual  speed  is  200  to  220 
picks. 

Messrs.  Phitt  Brothers  Jc  Co.  exhibited  a 
plain  calico  loom,  with  undcrpick.  It  was 
weaving  cassinet,  and  made   170  pick*  per 


minute.  It  picks  from  the  first  or  crank  shaft, 
by  means  of  a  hammer  at  each  end  of  the  shaft 
The  picking  tongues  arc  hinged  on  tho  picking 
rods,  and  are  raised  by  a  lever  at  each  end,  worked 
by  a  cam  on  the  second  shaft  every  alternate 
turn  of  the  shaft,  to  clear  the  hammer  at  one 
end,  whilst  the  pick  is  given  by  the  hammer  at 
the  other  end  Tins  pick  is  simple,  and  may 
be  easily  repaiml  ;  but,  like  that  of  tho  loom 
just  deserilssl,  it  works  harshly.  There  arc  six 
healds,  worked  by  six  jacks,  which  are  con- 
nected by  steel  ribands,  instead  of  the  usual 
cords,  to  the  treddles.  The  circuit  is  completed 
by  six  jacks  below.  The  picking  stick  recoils 
on  a  spiral  spring  at  the  heel,  instead  of  the 
ordinary  heel-strap.  A  reed  is  hung  lxshind  tho 
healds  to  intercept  dirt  and  prevent  breakages. 

A  similar  loom,  jiicking  from  the  second  shaft, 
is  shown  in  fig.  54. 


CHAPTER  VII. 

MACHINES  EXHIBITED  BY  MESSRS.  TUER  AND  HALL 
(NOW  MR.  ROBERT  HALL),  BURY. 

Mr.  Hall  exhibited  three  looms  and  a  shearing 
machine. 

1.  Heavy  Fustian  and  Xanhxn  Loom.  — 
This  loom  is  adapted  for  weaving  linens,  l>ed- 
ticks,  velvets,  velveteens,  cords,  moleskins, 
Jacquard  work,  sind  woollen  goods.  This  loom 
lias  one  shuttle  with  undcrpick  from  the  crank- 
shaft or  first  motion,  which  was  patented  twenty 
years  ago  by  Luke  Smith.  It  was  weaving  vel- 
veteen with  six  shafts  and  six  tap)>et- wheels  on 
one  axle, — an  arrangement  invented  forty  years 
ago  by  Luke  Smith,  and  now  in  common  use. 
The  tappet  wheels  make  the  changes  of  shed,  and 
consequently  are  driven  from  the  crank-shaft  to 
make  one  revolution  for  two  of  the  first  motion. 
The  tappets  or  levers  which  rise  and  fall  over  the 
tappet- wheels,  are  connected  with  tho  outer  ends 
of  six  jacks  above  and  six  l>elow,  the  inner  ends 
Is'ing  connected  with  the  healds,  and  drawing 
them  up  and  down  to  fomi  the  shed.  The  loom 
is  applicable,  by  a  change  of  tappets  at  tho  end, 
for  weaving  any  variety  of  cloth.  The  modo  of 
letting  off  the  yarn  is  by  a  chain  passed  round 
a  flauge  on  each  end  of  the  yarn-beam,  and  held 
tight  by  means  of  weighted  levers.  The  taking- 
up  motion  is  differential,  not  |>ositivc.  It  is 
worked  by  the  forward  blows  of  the  lathe  or  slay 
on  the  cloth,  by  the  agency  of  a  weight  which  is 
previously  lifted,  by  intermediate  connections,  at 
each  backward  movement  of  the  lathe,  sufficiently 
to  shift  a  ratchet  one-tooth  in  a  ratchet-wheel. 
When  the  lathe  strikes  forward,  the  web  is  mo- 
mentarily slackened ;  the  weight,  no  longer 
sustained,  takes  up  the  slack  by  pulling  over  the 
ratchet-wheel,  on  the  axis  of  which  a  worm  is 
keyed.  The  worm  gears  with  a  toothed  wheel 
on  the  end  of  the  cloth-beam  and  turns  it  round, 
H  2 
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taking  up  the  loose  cloth, — a  very  small  jwrtion  ,  creasing  diameter,  to  which  a  pair  of  clicks  are 
at  a  time  of  course,  say         inch,  equal  to  a  j  applied,   and  regularly  traversed  on  the  in- 


thread  at  a  time.  This  method  of  takiug-up, 
when  properly  attended  to  and  adapted  to  the 
nature  of  the  material  in  the  loom,  is  the  best 

Figs.  53. 


PosiTtn  T ak : g-v [■  Monox,  by  Mewrt.  J.  Aipoll  &  Co.,  Middleton ;  with  on*  Plain  B«un.  (Two  Fornii.) 


motion  for  very  heavy  cloth,  especially  for  cloth 
woven  with  uneven  weft.  During  the  Exhibi- 
tion, one  piece  of  cloth  was  woven  in  this  loom 
with  Aspell's  positive  taking-up  motion,  in 
which  a  spiral  ratchet-wheel  is  employed  of  in- 


creasing radius  of  the  spiral  ratchet  as  the  cloth 
beam  increases  in  diameter,  by  means  of  an 
under-presscr  acting  through  a  bell-crank.  This 
motion  was  good  for  light  work ;  for  heavy  work 
the  gearing  was  found  too  light  (figs.  55).  The 
temples  were  novel ;  they  consisted  of  five  rollers, 
two  plain  and  three  spiked,  to  seize  and  retain 
the  heavy  cloth.  The  loom  makes  180  picks 
per  minute. 

2.  Gingham  or  Fancy  Loom. — This  loom  is 
suitable  for  weaving  checks,  plaids,  diapers, 
drills,  quiltings,  waistcoatings,  diamonds,  and 
satins.  It  is  made  with  a  three-shuttle  drop- 
box  at  each  end,  with  undcrpick,  to  take  the 
"  oddpick"  or  "  pick  and  pick  y  that  is  to  say,  to 
shoot  one,  two,  or  three  shuttles  in  succession 
from  one  end  of  the  lathe,  giving  a  succession  of 
single  threads  where  required  to  work  out  the 
pattern.  In  Messrs.  Dickinson's  dobby  loom, 
which  lias  l»een  described,  the  picking  is  double ; 
that  is  to  say,  a  shuttle,  having  been  thrown 
at  one  pick,  must  be  returned  next  pick, 
and  two  or  another  even  number  of  threads 
from  the  same  shuttle  must  be  shot.  The  loom 
has  eight  shafts  or  jacks  hung  above  and  below 
the  hcalda,  as  in  the  fustian  loom,  and  con- 
nected similarly ;  but,  instead  of  the  circular 
tappet-frames  for  working  the  shed,  there  is  a  set 
of  eight  levers,  the  ends  of  which  are  connected 
severally  to  the  jacks  above  and  below  to  com- 
plete the  circuit 
with  the  healds. 
The  lifting  of  the 
levers  to  form  the 
shed  Ls  |>erformed 
by  an  endless 
chain  passing 
over  a  four-sided 
prism  or  "barrel" 
at  the  right  hand 
side  of  the  loom, 
driven  by  spur 
gear  from  the 
crank- shaft,  and 
so  placed  under 
the  levers  as  to 
lift  them  near  to 
their  fulcrum 
bearings.  The 
chain,  being  in- 
terjiosed  between 
t  he  prism  and  the 
levers,  and  ad- 
vanced one  link 
at  a  time  for  each 
pick,  is  formed 
with  links  of  changing  thickness  to  raise  the 
level's  at  proper  intervals,  so  as  to  lower  such 
healds  as  arc  required  to  form  the  under  side 
of  the  shed;  one  or  more  of  the  levels  which 
have  been  elevated  being  permitted  by  the 
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next  link  of  the  chain,  which  is  eomjwirativoly 
shallow,  to  full  by  their  own  weight,  and  lift 
the  healds  proper  for  the  upj>er  part  of  the  shed 
for  the  following  pick.  There  wore  68  links 
in  the  chain,  representing  G8  picks  to  complete 
the  pattern.  The  side  levers  must  be  sufficiently 
heavy  to  be  capable,  by  their  own  weight,  of 
forcing  np  the  healds  with  tho  yarn  that  is  re- 
quired to  lie  lifted,  and  it  must  be  hard  work 
for  the  crank-shaft  to  lift,  jiarticularly  for  heavy 
upper  sheds. 

It  is  obvious  that  the  method  of  the  tappet- 
wheels,  though  excellent  for  the  limited  number 
of  changes  of  shed  required  in  the  fustian  loom, 
would  not  be  applicable  for  working  such  a 
numlier  of  changes  of  shed  as  are  here  provided 
for  in  the  endless  chain  : — ten  changes  by  the 
tappet-wheels,  and  sixty-eight  changes  by  the 
chain.  The  chain  is,  in  effect,  a  tappet-chain, 
to  replace  which  an  equivalent  tapj»et- wheel 
would  require  to  be  9  feet  in  diameter. 

The  drop- box  is  raised  and  lowered  for  the 
changes  of  the  shuttles  by  means  of  a  chain 
(Dixie's  patent)  working  over  a  prism  at  the 
left-hand  side  of  the  loom,  having  the  same  num- 
ber of  links  as  the  tappet-cliain, — as  many  links 
a;*  there  are  picks  to  form  the  pattern.  The  links 
are  of  three  different  thicknesses,  and  act  like 
the  tappet-chain  in  raising  or  letting  down  at 
the  proper  time  for  clianging  the  shuttle,  a  lever 
which  bears  upon  them  with  a  friction -roller, 
and  w  connected  at  the  overhanging  extremity 
to  the  frame  which  carries  the  drop-box.  The 
prism  has  eight  sides,  and  carries  the  chain 
one  link  forward  for  each  pick ;  it  is  turned  by 
meanB  of  a  star-wheel  on  the  same  shaft  with 
tight  notches,  which  is  moved  by  pins  on  a 
carrier  spur-wheel  driven  by  a  pinion  on  the 
crank-shaft. 

To  work  the  picks,  odd  and  even — that  is  to 
»y,  to  throw  the  proper  shuttle  from  the  end  of 
the  slay  at  which  it  stands,  and  if  necessary,  to 
|«it  out  of  gear  the  picking  motion  at  the  other 
end  till  a  pick  is  required  from  that  end — a  third 
chain  of  sixty-eight  links  is  applied  at  the  left- 
hand  side,  working  over  a  prism  on  the  same 
shaft  as  the  prism  for  tho  drop-box  chain,  with 
links  of  different  sizes,  and  a  lever  overhead,  con- 
nected to  the  picking  shaft  at  each  end.  To  put  the 
picking  shaft  out  of  gear,  it  is  slid  on  end  suffi- 
ciently to  remove  the  picking  finger  out  of  tho 
way  of  the  picking  hammer  on  the  second  shaft, 
when  the  picking  stick  remains  at  rest.  By 
shifting  it  back  to  its  first  position,  the  picking 
finger  is  exposed  to  the  stroke  of  the  hammer, 
and  the  picking  stick  throws  the  shuttle.  This, 
the  picking  chain,  is  the  invention  of  Mr.  Mark 
Smith,  who  ]>atented  it  in  1851. 

The  loom  made  130  picks  per  minute,  and 
WW  fitted  with  the  ordinary  taking-up  motion. 
A  guard  is  fixed  to  the  slay-cap  to  prevent  the 
shuttles  flying  out,  which  they  arc  liable  to  do 
when  worn  round  on  the  under  side,  subject  to 
the  angular  stroke  of  the  underpick.    Tho  loom 


was  originally  fitted  with  Briggs  <fc  Foarnley's 
positive  take-up  motion,  which  was  subsequently 
removed,  and  replaced  by  the  ordinary  take-up 
motion. 

The  piece  woven  by  this  loom  in  the  Western 
Annex  had  three  shuttles  with  throe  different 
threads : — a  thick  black  thread,  a  thin  black 
thread,  and  a  violet  silk  thread.  Whilst  tho  silk 
is  being  thrown  the  taking-up  motion  is  sus- 
pended, as  the  thread  is  so  thin  that  tho  silk 
weft  would  lie  wide  if  the  take-up  were  in  action. 
The  take-up  action  is  provided  for  by  an  addi- 
tional jack,  which  is  worked  by  the  tappet-chain, 
and  by  suitable  connections  lifts  the  pall  out  of 
gear  with  the  ratchet-wheel  on  the  take-up 
motion.  This  class  of  loom  is  used  chiefly  in 
weaving  "reps,"  where  thick  and  small  threads 
require  to  be  thrown  alternately. 

3.  Tapestry  Carpet  Loom. — This  loom  is  suited 
for  weaving  pile,  velvet,  or  Brussels  carpet,  with 
or  without  the  Jacquard.  It  may  also  lie  used 
for  weaving  Utrecht  velvet  for  the  lining  of  car- 
riages and  omnibuses.  It  Is  the  invention  of 
Messrs.  Moxon,  Clayton,  &  Fearnley,  of  Roch- 
dale. All  the  working  motions  are  on  the  outside, 
and  freely  accessible.  It  has  one  shuttle,  with 
underpick  worked  from  the  first  shaft,  the  picking 
rods  moving  on  end  alternately  to  take  and  miss 
the  hammer.  It  makes  ninety  picks  per  minute. 
The  wire-motion  inserts  forty-fivo  wires  j»er 
minute,  one  wiro  for  every  two  picks ;  and  it  is 
the  princijwd  feature  in  the  loom  as  in  most  other 
carpet  looms.  The  wire-motion  is  noticeable 
for  the  facility  and  promptitude  with  which 
it  inserts  the  wires  on  which  the  loops  or 

Kile  is  raised,  and  for  the  simple  mechanism  for 
olding  tho  wires  when  inserted,  and  with- 
drawing and  transferring  the  ]H>int  of  the 
wiro  for  re-insertion.  The  ordinary  Jacquard*, 
weaving  Brussels  carpet,  insert  only  twenty-six 
wires  with  fifty-two  picks  tier  minute.  This 
loom  produces  six  yards  of  carpet  three-quarters 
of  a  yard  wide  per  hour — two  yards  more  than 
tho  ordinary  loom.  The  wiro  motion  is  regu- 
lated by  means  of  one  aim. 

If 

The  warp  is  controlled  by  three  healds,  which 
command  respectively  the  stuffer  warp  of  three 
threads  in  one  dent,  the  binder  warp  of  two 
threads,  and  the  coloured  worsted  of  one  thread. 
The  pattern  is  printed  upon  the  warp  threads  of 
worsted,  and  afterwards  wrought  into  the  web. 
The  healds  are  raised  and  lowered  by  levers 
worked  over  a  three-grooved  cam  or  tappet- 
wheel,  and  are  so  worked  in  forming  the  shed 
that  the  binder  warp  crosses  alternately  tho 
Staffer  and  the  worsted  warp.  The  staffer  never 
comes  to  the  surface ;  the  binder  docs,  but  is 
not  seen  ;  and  thus,  with  one-fifth  of  the  worsted 
used  in  the  ordinary  Jacquard,  an  equally  goi.nl 
effect  is  produced.  The  letting-off  motion  de- 
pends upon  the  blow  of  the  reed  on  the  cloth  ; 
the  taking-up  motion  is  similar  to  that  of  most 
carpet  looms,  and  has  a  pointed-tooth  card  on 
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the  breast  roller  calculated  to  pat  in  the  required 
numlHtr  of  wires  per  inch. 

The  motion  for  seizing,  withdrawing,  and  in- 
serting the  wires,  is  various  in  different  looms,  so 
also  is  the  mode  of  placing  the  |>oint  of  each  wire 
into  position  for  insertion.  These  minute  but 
salient  points  have  lieen  and  continue  to  be 
a  fruitful  mbject  of  litigation  l>etween  the  pro- 
prietors of  the  several  patents  relating  to  them. 

4.  Shearing  Machine. — This  machine  is  made 
for  shearing  silks,  fustians,  velvets  carpets,  and 
moleskins,  after  having  undergone  the  process  of 
raising.  There  are  two  revolving  cylinders, 
making  1,000  turns  per  minute,  with  five  helical  I 
steel  cutters  to  each  cylinder,  3i  inches  diameter, 
37  inches  long,  the  cutters  being  inclined  in  con- 
trary directions.  The  web  to  be  shorn  is  passed 
under  endless  traversing  leather  1  Minds,  with 
cards  to  clean  and  lay  the  nap  one  way,  and 
under  the  two  shearing  cylinders  successively. 
The  noticeable  feature  is  the  application  of  two 
cylinders  instead  of  one,  by  which  the  web  is 
shorn  at  one  operation  instead  of  being  pissed 
twice  under  one  cylinder. 


CHAPTER  VIII. 

LOOMS  EXHIBITED  DY  MESSRS.  WM.  SMITH  AND 
BROTHERS,  HEYWOOD,  NEAU  MANCHESTER. 

Messrs.  Smith  exhibited  three  looms  for  heavy 
works, — a  woollen,  a  half-woollen,  and  a  damask 
loom. 

1.  Woollen  Loom, — This  loom  is  adapted  for 
weaving  heavy  Scotch  tweeds,  Scotch  carp'ts,  i 
Venetian  carpets,  and  woollen  cloths  two  yards  i 
wide.    It  has  an  undeq>ick,  working  u  three 
shuttle  cranky      in  other  words  it  has  three  | 
shuttles,  with  a  rising  l«ix  capible  of  changing  | 
the  shuttle  every  pick,  and  working  "  pick  and  | 
pick,"  or  the  "odd  pick."    It  makes  05  picks 
|H?r  minute,  wearing  a  74 -inch  web,  the  reed 
sjMice  being  78  inches  ;  and  can  turn  oft*  30 
yanls  in  a  day. 

The  shedding  motion  of  this  magnificent 
machine,  in  which  there  are  twenty-four  healds, 
is  performed  by  means  of  two  sets  of  jacks,  above 
and  l)elow,  connected  together,  and  working  the  \ 
healds  between  them.    They  are  worked  by  a 
dohby,  or  demi-Jaequard,  called  an  index  ma- 
chine, which  also  regulates  the  pick  and  produces 
the  pattern.    The  lags  and  p'gs  of  the  index 
machine  act,  like  those  in  Messrs.  Dickinson's 
dohby  loom,  upon  hooked  wires  connected  with 
jacks,  pushing  back  one  lot,  and  leaving  the 
remainder  unmoved  ;  then,  by  a  double-acting 
motion,  the  one  lot  is  lifted  and  the  other  1 
lowered,  so  as  to  form  the  shed  with  half  the  I 
traverse  that  would  Ixj  required  if  it  were  I 


wholly  formed  by  lifting  one  set  of  wires,  and 
leaving  the  others  stationary.  The  lifters  for 
raising  and  lowering  the  hooked  wires,  and  the 
heald  in  connection  with  them,  are  worked  from 
a  cam  on  the  end  of  the  first  or  crank  shaft, 
which  works  an  intermediate  lever  connected  to 
the  lifters.  This  lever  acts  at  the  same  time  on 
an  eccentric  bar  or  stretcher,  over  which  the 
yarn  pisses,  wliich  vibrates  in  unison  with  the 
shedding  motion,  so  as  alternately  to  take  up 
the  slack  and  give  way,  to  keep  the  warp  at  a 
uniform  tension.  The  shedding  cam  is  so  formed 
as  to  "  dwell  "  the  shed,  or  keep  it  stationary  for 
some  time,  during  one-third  of  a  revolution  of 
the  crank-shaft,  to  allow  suifieient  time  for  the 
passage  of  the  shuttle.  When  the  shed  collapses, 
the  hooks  are  brought  to  a  level,  by  "  levellers'* 
lsdted  to  the  lifters,  into  pwition  for  receiving 
the  next  impression  from  the  lags  and  p'gs,  to 
form  the  next  shed. 

The  lag-chain  is  turned  on  a  barrel  or  prism, 
so  as  to  present  the  lags  successively  to  the 
wires  :  the  Iwirrel  derives  its  motion  from  the 
fiixt  shaft  through  a  pair  of  mitre  wheels  driving 
an  upright  shaft,  which  carries  an  intermittent 
wheel  at  its  upper  end — a  plain  wheel,  in  fact, 
without  teeth — with  a  single  pin,  which  takes 
into  the  notches  of  a  star-wheel  on  the  prism 
shaft,  and  turns  it  one  notch  at  a  time  for  each 
revolution  of  the  crank-shaft. 

The  slay  or  batten  reciprocating  movement  is 
communicated,  not,  as  in  the  usual  way,  by 
crunks  on  the  first  shaft,  but  by  grooved  cams 
keyed  on  the  shaft,  which  engage  with  friction- 
rollers  on  the  ends  of  two  "arms"  or  brackets 
on  the  l»ack  of  the  "  slay-sword."  The  cams 
are  so  shaped  as  to  cause  the  slay  to  rest  or 
dwell,  when  drawn  Itack,  a  little  longer  than 
the  dwell  of  the  shed-cam,  whilst  the  shuttle 
traverses  the  warp  ;  after  which  the  slay  is 
promptly  driven  up  to  the  web  and  again  with- 
drawn. In  economising  time,  space  Is  also  eco- 
nomised, for,  instead  of  the  6-inch  traverse  of 
the  slay  with  the  cam  motion,  a  crank  motion 
would  require  eight  or  nine  inches  throw  to  give 
time  for  the  shuttle  to  pass  through  the  shed. 
The  cam  motion  for  the  slay  is  perfectly  conve- 
nient for  the  moderate  speed  of  this  loom,  and 
it  is  identical  in  principle  and  purpise  with 
Taylor's  crank-arm  ;  it  moreover  admits  of  the 
use  of  a  straight  shaft  for  the  first  motion,  which 
for  a  heavy  loom  is  a  material  advantage  ;  and, 
with  a  dwell  in  the  slay  and  in  the  shed  con- 
jointly, an  inferior  quality  of  yarn  can  l>e  worked, 
and  with  a  lower  shed. 

The  drop-box,  or  rising  shuttle-l>ox  motion,  is 
worked  by  means  of  two  short  chains,  one  sup- 
plementary to  the  other,  performing  precisely 
the  same  office  as  the  single  long  shuttle-box 
chain  applied  to  Mr.  Hall's  fancy  loom.  This 
is  an  ingenious  plan,  the  invention  of  Messrs. 
Smith,  for  doing  away  with  the  great  length  of 
single  chain  required.  The  function  of  the  first 
chain  is  to  time  the  changes \  that  of  the  second 
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is  to  execute  them.  The  second  chain,  on  thin 
combined  system,  remains  stationary  under  the 
lever  for  moving  the  shuttle  Im>x,  so  long  as  the 
same  shuttle  is  required  in  use;  to  make  a 
change  of  shuttle,  it  is  advanced  by  one  link, 
which  may  l>e  higher  or  lower  than  the  preceding 
one,  and  will  raise  or  drop  the  box  accordingly. 
There  are,  therefore,  just  as  many  links  in  the 
second  chain  as  there  are  changes  of  tho  shuttle 
in  tho  pattern.  Duplicate,  or  repeating  links, 
are  thus  got  rid  of,  and  the  chain  gains  im- 
mensely in  cheapness  and  compactness.  The 
first  chain,  having  very  easy  work  to  do,  may 
be  made  very  light ;  it  contains  as  many  links 
as  there  arc  picks  in  tho  pattern,  and  is  turned 
upon  a  prism  by  one  link  at  a  time  for  each  pick. 
A  pointer  or  peg,  on  the  end  of  a  lever,  is  dropped 
each  link  as  it  arrives,  which  presents  a 
surface  to  the  peg,  so  long  as  the  same 
shuttle  is  to  be  used ;  but  when  a  change  of 
shuttle  is  to  be  made,  tho  peg  falls  into  a  hole 
in  the  link  presented  to  it,  when  the  heel  of  tho 
lever  carrying  the  peg  advances  a  pin  laterally 
into  gear  with  a  star-wheel  on  the  axis  of  the 
second  chain,  and  turns  it  an  eighth  jiart  of  a 
revolution.  By  this  movement  a  fresh  link  in 
the  second  chain  is  brought  up,  and  shifts  the 
shuttle-box. 

By  means  of  the  picking  motion,  with  a 
rising  or  drop  box  at  both  ends  of  the  slay,  the 
loom  is  capable  of  throwing  any  number  of 
picks,  odd  or  even,  from  each  shuttle.  An  addi- 
tional jack  is  mounted  in  the  jack-frame  to 
work  the  picking  motion,  and  is  provided  with 
a  hook  in  the  hook-frame,  acted  on  by  a  sj>ecial 
line  of  pegs  in  the  lags.  According  as  the  hook 
is  drawn  up  or  down,  the  jack  moves  the  right 
or  the  left  hand  picking  rod  longitudinally,  with 
its  finger,  into  the  line  of  the  picking  hammer, 
to  receive  the  blow,  and  jierform  the  pick.  The 
upper  end  of  the  picking  stick  is  let  into  and 
through  a  brass  picker,  which  slides  between  a 
pair  of  fly  spindles,  and  is  made  with  a  driving 
stud  having  a  socket  filled  with  india-rubl>er,  to 
strike  and  to  receive  the  shuttle  on  its  return. 
This  is  an  excellent  and  novel  arrangement  of 
picker  ;  it  ensures  with  the  underpick  a  steady 
and  parallel  action  on  the  shuttle, — the  Bhuttle, 
in  other  box  looms,  being  received  against  a  stop 
in  the  box. 

Tho  taking-up  motion  for  the  cloth  is  positive, 
and  is  worked  from  the  first  shaft  by  a  train  of 
wheels  and  worms  to  a  worm-wheel  on  the 
cloth-beam,  which  is  covered  with  brass  carding, 
as  emery  or  fluted  rollers  do  not  bite.  This 
motion  is  extremely  convenient  for  reversing  in 
search  of  a  fault,  as  it  all  goes  back  together 
with  the  first  Bhaft  and  other  motions  ;  and,  for 
the  purpose  of  reversing,  there  is  a  second  or 
cross  belt  for  the  backing  motion,  which  saves 
hand  labour  for  that  purpose,  so  that  a  female 
can  attend  to  the  loom.  Another  taking-up 
motion  may  be  applied  to  the  loom,  consisting 
of  the  weighted  ratchet-motion  already  described, 


as  in  Mr.  Hall's  fustian  loom.  The  let-off 
motion  is  of  the  usual  kind,  with  friction-chains 
on  the  yarn-beam. 

2.  Half-  Woollen  Loom.  —This  loom  is  adapted 
for  heavy  and  light  fabrics,  as  linen,  cotton, 
wool,  and  mixed  goods.  It  has  38  inches  reed 
sjwice,  and  a  three-shuttle  rising-box  on  one  side 
only  for  any  even  number  of  picks,  with  under- 
pick. This  arrangement  is  always  understood 
for  weaving  checks,  and  the  loom  may  be  called 
a  three-shuttle  check  loom.  It  was  weaving 
trowserings,  36  inches  wide,  from  cotton  warps, 
and  a  weft  made  of  a  mixture  of  wool  and 
cotton  ;  it  made  140  picks  per  minute,  and  was 
capable  of  turning  out  40  yards  per  day.  The 
shed  is  formed  by  light  tappets  or  cam-wheels 
on  the  end  of  the  first  shaft,  working  eight 
hcalds  through  upper  and  lower  jacks :  lifting 
two  hcalds,  and  dropping  six.  The  tappets 
bring  tho  yarn  level  and  straight,  just  as  tho 
reed  arrives  at  the  web,  thereby  reducing  to  a 
minimum  the  strain  on  the  hcalds  from  the  blow 
of  the  slay. 

The  motion  of  the  slay  is  derived  from  cranks 
on  tho  first  shaft,  in  the  usual  manner.  The 
rising  shuttle-box  motion  is  precisely  of  the  same 
kind  as  for  the  woollen  loom  :  by  means  of  two 
chains — one  with  a  pointer  to  time  the  changes 
of  shuttle — the  other  with  links  of  different 
sizes  to  execute  the  changes.  The  first  chain  is 
moved  once  for  eveiy  two  revolutions  of  the 
crank-shaft,  or  for  each  double  pick — not  for 
each  pick,  as  in  the  odd-pick  loom. 

The  picking  motion  is  given  direct  from  tho 
crank  sliaft  ;  tho  upper  end  of  the  picking  shaft 
works  in  a  doxible  scroll,  like  a  figure  "  8 " 
doubled  up,  fixed  on  and  revolving  with  the 
crank  shaft ;  the  picking  shaft  is  thus  moved  on 
end,  for  every  turn  of  the  crank,  alternately  up 
and  down,  so  that  the  finger  on  the  picking  shaft 
at  each  end  is  struck  by  the  liammer  on  the  first- 
motion  shaft  every  alternate  revolution,  and 
gives  regular  even  picks.  This  is  the  usual  plan 
for  taking  underpick  off  tho  first  motion — pro- 
vided for  in  Messrs.  Piatt's  loom  by  shifting  tho 
picking  finger  and  leaving  the  picking  rod  sta- 
tionary. A  segmental  "finger"  proceeds  from 
the  lower  end  of  the  picking  shaft,  and  is  con- 
nected by  a  strap  to  the  lower  part  of  the  pick- 
ing stick,  to  give  it  motion.  The  upper  end  of 
the  picking  stick  passes  through  the  lathe  and 
through  the  picker ;  and  this  mode  of  picking 
dispenses  with  the  spindle  or  picker-rod,  saves 
oil,  and  prevents  oily  spots  on  tho  cloth. 

The  taking-up  motion  is  arranged  with  one 
Win,  regulated  with  the  increasing  diameter  of 
the  cloth-beam.  The  ratchet-wheel  motion  is 
applied  in  an  ingenious  manner  to  take  up  a 
very  minute  feed  at  a  time,  by  means  of  eight 
ratchets  extending  over  a  large  ratchet-wheel, 
taking  in  one-eighth  of  a  tooth-space  at  a  time, 
instead  of  a  whole  tooth  at  a  time,  as  in  ordi- 
nary; so  graduating  the  take-up  in  a  more 
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nearly  uniform  manner.  To  equalize  the  feed, 
■with  the  increasing  diameter  of  the  beam,  a 
flat  piece  of  wood  in  applied  to  tho  lower  side 
of  the  web-roll,  sustained  by  a  system  of  levers. 
As  the  roll  is  enlarged  the  wooden  bearer  is  de- 
pressed, and  shifts  the  end  of  a  link  in  a  slotted 
lever,  so  as  to  gradually  shorten  the  play  of  tho 
ratchets  and  equalize  the  take-up.  A  vibrator, 
carrying  the  warp  at  the  l>aek  of  the  loom,  is 
moved  by  a  cam  on  tho  crank  shaft,  following 
the  shedding  of  the  warp,  and  equalizing  the 
tension  upon  it.  The  let-off  motion  is  on  the 
usual  method  of  friction  chains  over  the  yarn- 
beam. 

3.  Damaak  Loom. — This  loom  is  constructed 
like  the  ordinary  calico  loom,  with  45-inch  reed- 
spacc  ;  weaving  a  web  42  inches  wide,  making 
with  the  underpick  ICO  picks  per  minute,  and 
25  yards  of  cloth  per  day.  It  is  fitted  with  the 
double-lift  Jacquard  of  Messrs.  Crawley  Brothers, 
Failsworth,  by  which  a  beautiful  damask  pattern 
was  prodnoed.  The  peculiar  effect  of  damask, 
it  may  be  observed,  is  made  by  carrying  certain 
threads  of  the  warp  over  the  substance  of  web 
for  several  picks  consecutively  ;  and  it  is  tho 
aim,  in  tho  double-acting  Jacquard,  to  keep  up 
these  threads  so  long  as  they  are  required  to  bo 
up,  by  means  of  the  double-acting  lift,  and  to 
expedite  the  formation  of  the  shed  and  the  pro- 
duction of  the  loom.  The  Jacquard  has  400 
needles  and  800  hooks — being  two  hooks  to  each 
needle ;  one  of  those  hooks  is  longer  than  the 
other,  in  order  to  keep  the  double  rows  of  hooks 
as  near  together  as  possible,  and  to  give  room 
for  placing  the  two  lifters,  or  "  grives,"  one  above 
the  other — one  lifter  for  the  upper  or  long  hooks, 
the  other  for  the  lower  or  short  hooks.  Each 
pair  of  hooks  is  connected  to  the  threads  and 
lingoes,  or  weights  attached  to  the  warp  threads, 
and  the  threads  are  lifted  precisely  in  the  same 
way  by  ono  or  by  tho  other  hook,  whichever  of 
tho  lifters  is  in  action.  As  the  jwittern  is 
repeated  three  times  in  the  width  of  the  web — 
that  is,  it  is  described  four  times — there  are  four 
warp  threads  to  be  lifted  by  each  pair  of  hooks. 
Tho  grives  take  their  motion  from  a  double 
crank  on  the  second  shaft,  alternately  raising 
one  and  dropping  tho  other,  once  for  each  pick, 
or  for  each  revolution  of  the  crank-shaft.  By 
this  process  of  double  action,  the  formation  of  a 
new  shed  is  commenced  at  the  same  time  that 
the  previously  formed  shed  begins  to  come  down  ; 
and  the  sheds  cross  each  other  half  way.  Tho 
warp  threads,  which  are  to  remain  up,  are  taken 
in  charge  by  their  alternate  hooks  and  carried 
back,  with  the  other  threads  picked  up  from 
the  level,  to  form  the  next  shed.  By  such 
means  two  sheds  may  be  formed  in  the  same 
time  that  the  single-acting  J acquard  forms  one. 
The  descending  lingoes  balance  the  ascending 
ones,  and  they  do  not  exhibit  the  least  tendency 
to  bounce  or  swing.  The  inventors  maintain 
tliat,  in  practice,  50  to  60  more  picks  are  made 


l>er  minute  by  their  loom,  with  the  double- 
acting  Jacquard,  than  by  any  other  machine. 
It  is  stated  that  the  weaver  at  this  loom  is 
paid  Is.  si.  for  37 i  yards,  and  makes  fully  as 
much  money  at  that  rate  as  when  jwid  at  the 
rate  of  2s.  6d.  for  the  same  length  at  the  ordi- 
nary damask  loom.  The  "  cylinder,"  which  is 
in  fact  a  square  prism  for  changing  and  pre- 
senting the  Jacquard  cards  in  succession,  is  turned 
by  a  small  crank  on  the  end  of  the  first  shaft. 

The  underpicking  motion  is  the  invention  of 
Messrs.  Todd,  of  Hey  wood  ;  it  has  already  been 
referred  to,  as  applied  to  the  plain  loom  of 
Messrs.  Booth  &  Chambers.  Most  underpicks 
are  worked  from  the  first  shaft,  but  in  this 
system  the  underpick  is  worked  from  the  second 
shaft,  and  admits  of  the  loom  being  reversetl 
without  throwing  the  shuttle.  The  chief  pecu- 
liarity is  in  the  form  of  the  striking  surfaces 
of  tho  hammers  and  the  picking  finger,  which 
are  flat,  and  strike  flat,  to  give  a  quick  and 
sharp  pick.  Tho  picking  finger  is,  in  fact,  the 
end  of  a  short  lever  hung  at  the  middle,  the 
other  end  engaging  a  strap  attached  to  the  pick- 
ing stick. 

The  taking-tip  motion  is  what  is  called  the 
"  emery  roller "  motion ;  but,  in  place  of  the 
emery  roller,  there  is  a  cast-iron  roller,  fluted 
and  chased.  The  cloth-beam  is  pressed  upon 
the  M  emery  roller  "  by  means  of  upright  racks, 
pinions,  and  raspended  weights.  The  yarn-beam 
is  of  wood,  but  is  usuidly  made  now  of  wrought 
iron  gas-pipe,  which  is  less  than  half  the  weight 
of  a  cast-iron  roller,  and  nearly  as  cheap  as 
wood,  and  is  a  great  improvement  in  looms. 

4.  Pirn-urinding  MacJiine. — In  this  machine 
three  different  modes  of  filling  the  pirn  for 
the  shuttle  were  shown.  In  one,  the  pirn  was 
placed,  with  tho  smaller  end  downwards,  in  a 
cup  fixed  to  the  rail  of  the  machine.  As  the 
pirn  is  filling  it  rises  in  tho  cup,  and,  when  full, 
the  flat  blade  of  the  spindle,  which  carries  the 
pirn,  leaves  the  groove  in  the  wharf,  and  ceases 
to  be  turned  by  it,  and  the  pirn  stops.  In  the 
second  plan,  the  spindle,  on  which  the  pirn  is 
placed  with  the  thicker  end  downwards,  is  kept 
up  to  the  cup  by  a  weighted  lever  applied  to  its 
lower  end.  Tho  spindle  carries  a  drum  the 
length  of  the  pirn,  by  which  it  is  driven  ;  and, 
as  the  pirn  tills,  it  forces  the  spindle  and  its  drum 
downwards  through  the  driving-band  till  the 
hitter  slips  off  the  drum  and  Upon  a  loose 
pulley,  and  the  spindle  stops.  In  the  third 
plan,  the  spindle  is  fixed,  and  carries  the  pirn 
with  the  thicker  end  downwards ;  as  it  fills,  the 
cup  rises,  and  with  it  the  guide-wire ;  when  full, 
a  small  feeler  and  catch  allow  a  bar  to  come 
into  contact  with  the  lifter,  and  throw  off  the 
belt.  In  each  of  the  three  modes  described, 
each  spindle  is  indej>endent  of  its  neighbours, 
and  may  be  filled  and  emptied  without  stopping 
the  machine. 
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CHAPTER  IX. 

LOOMS  EXHIBITED  BY  MR.  GEORGE  HODGSON, 
BRADFORD. 

Mr.  Hodgson  exhibited  five  looms  adapted  for 
iving  dress  goods,  of  substantial  proportions, 
ami  well  constructed. 

1.  Plain  Orleans  Loom. — This  is  a  narrow 
loom  with  loose  reed  and  overpick,  weaving  a 
27-inch  web.  At  the  usual  Bpeed  it  made  170 
] licks  per  minute  ;  but  it  has  made  430  picks 
per  minute.  It  is  suitable  for  weaving  all 
sorts  of  plain  cloth,  such  as  Orleans,  Cobourgs, 
shalloons,  satins,  and  calico,  or  for  any  other 
treads  where  light  goods  arc  used ;  and  it  is 
considered  by  the  oxhibitor  to  be  capable  of  run- 


Fto.  SO. 


Punt  Oiliaxs  Loom,  by  Mr. 


ning  as  fast  as  any  loom  yet  made.  The  shedding 
motion  is  of  the  kind  used  in  Bradford  for  from 


two  to  eight  leaves  or  healds ;  it  is  made  by 
means  of  tmldlcs  placed  outside  the  loom  at  one 
end,  worked  by  cams  on  the  second  shaft  Square 
"jack-rods"  arc  laid  above  the  healds,  reaching 
from  end  to  end,  to  carry  the  jack-levers  and 
"half-moons,"  " quadrants,"  or  circular  segments, 
for  lifting  the  healds  vertically.  The  jack-lovers 
are  fixed  in  pairs  on  the  jack-rods  by  set  screws, 
one  pair  to  each  heald.  The  quadrants  are  con- 
nected by  adjustable  chains  to  the  healds,  and 
their  back  levers  are  connected  at  the  back  of  the 
loom  by  rods  to  the  treddles.  The  vertical  picking 
shafts  are  placed  inside  the  end  frame-plates  of 
the  loom  ;  not  outside,  as  in  the  Lancashire  plain 
looms.  The  taking-up  motion  is  of  the  "  emery- 
roller  "  class,  with  iron  fluted  rollers.  The 
yarn-beam  is  held  by  ropes,  levers,  and  weights 
(fig.  56). 


2.  Alpaca  Loom. — This  loom  has  a  fast  reed 
and  overpick.  It  weaves  a  42-inch  web ;  the 
usual  manlier  of  picks  is  140  per  minute.  It  has 
one  shuttle,  and  may  have  two,  three,  or  five 
treddles.  This  loom  was  weaving  alpaca  cloths 
of  the  finest  manufacture.  Tho  warp  was  of 
black  cotton,  the  weft  of  forties  alpaca,  very  fine, 
making  twenty  yards  per  day.  The  taking-up 
motion  lias  Salt's  patent  roller,  which  is  covered 
with  limed  cloth,  and  works  in  connection  with 
a  fluted  iron  roller. 

3.  Cfieck  Loom. — This  loom  has  an  overpick, 
and  makes  200  picks  per  minute.  It  has  a 
revolving  circular  shuttle-box  with  six  compart- 
ments for  six  shuttles,  which,  with  the  method  of 
working  it  was  originally  patented  by  Mr.  Luke 
Smith,  of  Heywood,  and  was  afterwards  im- 
proved by  Messrs.  Titus  Salt,  Sons,  &  Co.,  of 

Saltaire.  The  shuttle-box 
revolves,  precisely  on  the 
principle  of  the  "revolver," 
and  presents  the  different 
shuttles  to  the  picker  as 
required  for  the  pattern. 
It  is  worked  by  a  sort  of 
double-acting  ratchet-mo- 
tion, in  which  there  are 
two  spears  directed  towards 
the  shuttle-box,  one  over 
and  one  under,  one  or 
other  of  which  is  brought 
into  contact  with  the  1h>x 
when  it  is  required  to 
change  the  shuttle,  pushing 
it  round  forwards  or  back- 
wards one  shuttle-space  at 
a  time  according  to  the 
shuttle  wanted  for  the  pick. 
The  spears  are  moved  by  a 
]>air  of  tapj>et- wheels  on 
one  end  of  the  first  shaft, 
through  a  pair  of  hinge- 
back  lovers,  which  give  way 
to  avoid  a  breakage  should  tho  shuttle  not  be 
thrown  clear  of  the  box  for  the  previous  pick, 
and  prevent  its  revolving.  The  pick  is  regu- 
lated by  a  set  of  cards  with  two  series  of  holes 
and  blanks,  one  for  each  spear ;  two  pointers  or 
pegs  are  acted  upon  and  brought  into  contact 
with  the  cards,  and  when  stopped  by  blanks  tho 
shuttle-box  is  turned  ono  shuttle  at  a  time, 
either  way,  according  to  the  pointer  so  engaged. 
When  blank  cards  are  presented  to  the  pointers, 
the  spears  are  held  out  of  gear  with  the  shuttle- 
box,  which  remains  stationary.  In  other  looms 
Mr.  Hodgson  turns  the  shuttle-box  by  means  of 
hooks  for  pulling  it  over,  instead  of  spears  for 
pushing  it 

4.  Twilling  Loom. — This  loom  weaves  plain 
diamond  twill  square,  or  satin,  and  may  be 
changed  at  pleasure  from  one  to  the  other  with- 
out stopping  the  loom.     It  may  have  cither 
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twelve  or  sixteen  healds  suspended  from  double 
jacks  overhead,  linked  to  work  together  in  a  sort 
of  parallel  motion.  The  healds  are  lifted  evenly 
by  the  jacks,  and  they  drop  with  the  assistance 
of  springs.  The  shedding  motion  is  effected  by 
a  very  simple  and  effective  arrangement,  Martin 
<fc  Bottomley  s  patent,  like  an  inverted  Jacquard 
motion,  with  cards.  Vertical  rods,  double-hooked 
at  the  lower  ends,  are  suspended  from  the  outer 
ends  of  the  jacks  between  two  treddles  worked 
by  a  pur  of  ordinary  plain  Orleans  tappet*.  The 
u>ds,  when  not  subjected  to  tho  action  of  tho 
cards,  —  when  perforations  arc  opposed  to 
them, — are  retained  by  springs  in  contact  with 
one  of  the  treddles,  which,  taking  their  hooks  on 
one  side,  pull  them  down  and  raise  the  healds 
eveiy  other  pick.    When  blank  cards  are  pre- 


Twillisq  Loom,  liy  Mr.  George  Hodc»on. 

sented  to  the  rods,  they  are  pushed  over  to  tho 
other  treddle,  which  in  its  turn  catches  the  alter- 
nate hook,  and  pulls  them  down  every  alternate 
pick.  As  tho  action  of  the  treddles  Is  confined 
to  pulling  down  the  rods  and  raising  the  healds, 
it  is  apjwirent  that  any  shed  may  lie  formed  by 
passing  the  hooks  of  the  proper  rods  under  one 
treddle  or  the  other.  When  one  heald  is  to  l>o 
kept  up  for  more  than  one  pick  consecutively, 
the  rod  in  connection  Is  not  moved,  and  the 
heald  remains  stationary ;  consequently  the  wurp 
docs  not  work.  There  is  also  provision  for  keep- 
ing up  the  healds  until  they  are  required  to  drop, 
when  they  are  kept  down  by  the  springs. 

The  loom  is  fitted  with  overpick,  and  is  pro- 
vided with  a  revolving  shuttle-tax  for  six  shuttles, 
worked  by  spears  and  hinge-back  levers  as  in  the 


check  loom ;  but  instead  of  tappet-wheels  for 
moving  the  levers  they  are  moved,  like  the  healds, 
by  the  treddles,  with  two  long  rods  and  jacks, 
the  motion  taing  regulated  by  two  series  of  holes 
and  blanks  on  the  cards.  The  taking-up  motion 
is  worked  by  a  special  jack  (fig.  57). 

This  loom  is  a  most  creditable  production,  and 
exhibits  much  ingenuity  in  the  detail.  It  is 
jMirticularly  well  adapted  for  weaving  the  German 
twill  plaids,  and  possesses  the  advantage  of  a 
Jacquard  machine  up  to  twelve  or  sixteen  healds. 

5.  OddpicJc  Loom, — This  loom  is  designed  for 
weaving  oddpick  cloth,  with  loose  reed  and  over- 
pick,  and  two  shuttle-boxes  at  each  end,  which  slide 
horizontally  for  changing  the  shuttle  and  making 
the  oddpick.  The  shuttle-boxes  are  shifted  by 
means  of  amis  and  tappets. 
In  the  motion  for  stopping 
the  loom,  should  the  second 
thread  break, — that  is,  the 
thread  immediately  following 
the  oddpick  thread,  there  is 
a  provision  for  lifting  the 
oddpick  thread,  by  a  fork 
from  the  back  of  the  lathe, 
out  of  the  way  until  it  Is 
wanted  for  the  return  of  the 
shuttle  belonging  to  it. 

In  Mr.  Hodgson's  looms, 
though  more  costly  than  the 
Lancashire  looms,  the  work- 
manship is  excellent,  and  the 
details  very  complete  ;  in- 
deed, in  some  resj»ect«  luxu- 
riously, and,  as  some  people 
consider,  needlessly  so.  Two 
intermediate  bearings  arc  aj>- 
plied  to  the  first  and  second 
shafts  of  the  wide  looms,  and 
one  additional  to  the  fu-st 
narrow  looms,  which  enable 
tho  looms,  no  doubt,  to  work 
with great  solidity  and  steadi- 
ness. But  there  is  a  fashion 
in  Yorkshire,  and  there  is  a 
fashion  in  Lancashire,  and 
the  material  pays  for  the  fashion. 


CHAPTER  X. 


I/WMS  EXHIBITED  BY  MESSRS.  O.  HATTERSLEY 
AND  SON,  KEIOHLEY. 

Messrs.  Hattersley  exhibited  two  looms  for 
weaving  dress  goods,  similar  in  construction  to 
Mr.  Hodgson's  looms. 

1.  Six-ihuille  Loose-reed  Loom. — This  loom  Is 
fitted  with  overpick,  and  a  revolving  box  for  six 
shuttles.  It  was  at  work  with  three  shuttles, 
weaving  barege,  making  190  picks  per  minute, 
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having  a  39-inch  reed-space.  The  shuttle-box 
is  turned  by  a  pair  of  hooked  rods  which  pull  it 
round  instead  of  pushing,  as  in  some  of  Mr. 
Hodgson's  looms.  The  motions  of  the  shuttle-liox 
are  directed  by  means  of  an  endless  train  of  sheet- 
iron  cards  hung  at  the  back  of  the  loom  with  two 
series  of  holes  and  blanks,  and  two  points  drop- 
ping over  the  cards.  The  cards  arc  changed  once 
for  every  two  picks  by  means  of  a  star- wheel  on 
the  axis  of  the  prism  wliich  carries  them,  the 
star-wheel  being  turned  round  one  notcli  at 
a  time  by  a  pin  on  a  special  second  motion.  The 
pulling  rods  for  the  shuttle-boxes  are  put  in 
action  through  two  levers  connected  to  them, 
one  to  each,  the  other  ends  of  the  levers  being 
hooked  on  when  required  to  one  of  a  pair  of 
catches  suspended  from  a  vibrating  lever  which 
receives  its  vibrating  motion  from  a  cam  on  the 
end  of  the  second  shaft.  This  motion  by  pulling 
Ls  preferable  to  the  pushing  motion  by  short 
spears. 

The  shedding  motion  is  made  with  three 
henlds  and  segmental  jacks,  as  in  Mr.  Hodgson's 
ordinary  loom ;  the  taking-up,  letting-off,  and 
weft  motions  are  also  the  same. 

2.  Jaequard  Loom. — This  loom  has  a  29-inch 
reed  8]>ace,  and  is  of  the  same  construction  as 
the  other,  with  a  Jaequard  in  combination  for 
working  the  healda.  The  Jaequard  motion  lifts 
the  healds,  and  they  are  dropped  by  the  aid  of 
springs  as  in  Mr.  Hodgson's  loom,  with  this 
feature  in  addition,  that  the  bottom  lxwird  of 
the  Jaequard  on  which  the  wire-hooks  rest,  is 
nindr  to  lower  and  carry  down  the  unhooked 
wires  and  their  healds,  at  the  same  time  that 
the  hooks  on  the  lifter  rise,  making  the  shed 
with  half  the  traverse  that  would  Ijo  necessary 
with  a  single-acting  lift,  and  allowing  the  yarn 
to  come  to  the  level  during  each  revolution 
of  the  crank-shaft.  Both  the  lifter  and  the 
bottom  plate  are  vibrated  by  means  of  a  single 
crank  on  the  end  of  the  first  shaft  The  pattern 
cards  for  regulating  the  healds  have  two  rows 
of  holes  in  each,  each  card  giving  two  sheds  : 
thus  reducing  the  number  of  cards  that  would  lie  , 
required  if  single,  to  one  half;  and  the  frame 
holding  the  needles  Ls  raised  and  lowered  alter- 
nately by  a  cam  on  the  second  shaft  to  bring  the 
upper  and  lower  rows  of  holes  in  each  card  con- 
secutively in  front  of  the  needles.  Fifteen  healds 
were  at  work  in  this  loom,  and  it  Ls  adapted  for 
eighteen  healds. 

The  shuttle-box  motion  for  six  shuttles  is 
similar  in  principle  to  that  of  the  first  loom,  and 
is  worked  off  the  pattern-cards  with  an  additional 
row  of  holes  and  an  evenpick.  The  lever  that 
works  the  treddles  for  turning  the  shuttle-l>ox 
has  its  fulcrum  on  a  spring-detent  which  gives 
way  in  case  of  accident,  and  prevents  breakage. 
There  is  a  groove  in  the  bottom  of  each  shuttle- 
case  to  guide  the  picker  and  keep  it  upright. 
The  shuttles  are  stopped  against  the  picker,  and 
the  picker  is  guarded  by  a  friction-roller  from 


the  cross  action  of  the  points  of  the  shuttles 
when  the  shuttle-box  revolves.  A  2-1-inch  web 
Ls  woven  at  the  rate  of  170  picks  per  minute. 


CHAPTER  XI. 

MACHINES    EXHIBITED    DY    THE  ANDERSTON 
FOUNDRY  COMPANY,  OLASGOW. 

The  Anderston  Foundry  Company  exhibited 
two  fancy  looms,  with  a  novel  system  of  pattern 
barrels,  designed  to  supersede  the  pattern  or 
tappet  chains  common  in  English  looms  for 
working  two  or  more  shuttles.  They  exhibited 
also  a  winding  machine,  the  invention  of  Messrs. 
Robertson  <fe  Orchar,  of  Dundee. 

1.  Pirn  or  Wejl  Winding  Machine.  —  This 
machine  is  designed  for  winding  woollen,  cotton, 
or  silk.  There  are  two  novel  features  in  the  con- 
struction and  action  of  this  machine.  First, 
the  upright  winding  spindles  are  driven  by  means 
of  friction-dLscs,  the  faces  of  the  discs  on  the 
spindles  running  on  and  being  turned  by  the 
runs  of  a  scries  of  discs  on  a  horizontal  shaft. 
G wiring  is  thus  dispensed  with  for  this  motion. 
Second,  the  variable  speed  of  the  spindles  Ls  ob- 
tained by  vibrating  the  driving  disc-snaft  on 
end,  in  order  to  move  the  driving  dLscs  alter- 
nately to  and  from  the  centre  and  the  circum- 
ference of  the  spindle-discs.  Thus  the  sj>eed  of 
the  spindles  is  varied  in  proportion  to  the 
varying  diameter  of  the  conical  winding  surface 
of  the  cop,  on  which  the  threiul  is  traversed 
upwards  and  downwards ;  and  the  speed  of 
the  uptake,  and  tension  of  the  thread,  are  ren- 
dered uniform.  Tho  cone -builder  rests  on  the 
cop,  and  rises  as  the  pirn  becomes  filled,  and 
the  coj),  being  built  with  such  regularity  and 
compactness,  Ls  said  to  take  tip  from  20  to  25 
per  cent,  more  yarn  than  with  other  machines, 
saving  consequently  something  in  waste  and  in 

,  cost  of  winding,  and  reducing  the  number  of 
stoppages  of  the  loom,  for  replenishing  the 
shuttle.  There  is  a  saving  in  driving  power 
with  the  friction -wheels.  For  winding  heavy 
yarns  of  from  1G  to  48  lb.  per  spindle,  the 
machine  is  said  to  be  superior  to  other  machines  ; 
and  it  can  be  made  to  wind  for  two  different 
sues  of  cops  or  pirns. 

2.  Cluck  Loom. — This  loom  is  the  invention 
of  Messrs.  Muir  &  M'llwham  for  weaving  fancy 
goods.  It  Ls  worked  by  overpick,  and  has  a  four- 
shuttle  drop-box  at  one  end  for  even  picks.  Tho 
cluef  novelty  consists  in  the  "  pattern-barrel,"  to 
regulate  the  picking  motion,  which  serves  the  pur- 
pose of  the  picking  chains  in  Messrs.  Smith's  and 
other  looms,  and  Ls  moved  by  a  ratchet-motion  de- 
rived from  a  cam  on  the  second  shaft.  The  barrel 
is  a  cast-iron  cylinder,  12  inches  diameter,  with  a 
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continuous  helical  line  of  holes  drilled  in  it ;  each 
hole  represents  one  double  pick,  and  the  line  of 
holes  winds  a  sufficient  numt>er  of  tunes  to  form 
the  jmttern.  The  use  of  the  holes  is  to  receive 
flat-headed  studs  which  are  screwed  into  them  at 
proper  intervals  and  at  various  elevations  above 
the  surface  of  the  cylinder.  For  working  four 
shuttles,  the  studs  are  placed  at  three  different 
elevations,  and  the  surface  of  the  cylinder  consti- 
tutes a  fourth  elevation ;  and  the  series  of  studs 
are  precisely  equivalent  to  a  scries  of  cams  or  to 
a  tapj>et-chain  with  four  sizes  of  links.  By 
a  very  peculiar  arrangement,  the  fluctuations  of 
a  lever  under  which  the  studs  slide  whilst  the 
loom  is  in  action  and  the  stud-cylinder  revolves, 
are  transmitted  to  a  system  of  three  levers, 
hung  loosely  in  a  frame,  corresponding  to  the 
three  elevations  of  the  studs.  These  levers  lie 
underneath  a  group  of  throe  cams  of  various 
throw,  which  revolve  on  the  second  shaft,  and 
which  produce  no  effect  whilst  the  levers  play 
loose.  But,  with  the  vibrations  of  the  stud- 
lever  over  the  studs,  one  or  other  of  the  levers 
becomes  locked  in  the  frame  containing  them, 
and  is  depressed  by  the  cam  revolving  over  it ; 
this  motion  is  transmitted  to  the  shuttle -1k>x, 
and  it  is  thereby  raised  to  the  proper  elevation 
for  delivering  the  required  shuttle.  When  the 
stud-lever  slides  in  contact  with  the  cylinder,  all 
the  cam-levers  are  loose,  and  the  shuttle-box  is 
at  its  lowest  position,  right  for  the  uppermost 
shuttle.  The  shuttles  may  l>e  presented  in  any 
required  order. 

The  pattern-barrel  is  reversed  by  a  self-acting 
motion ;  and  the  succession  of  the  shuttles  and 
the  pattern  are  consequently  also  reversed.  Thus 
the  pattern  is  regularly  worked  out  from  one 
end  of  the  barrel  to  the  other,  and  repeated 
backwards  and  forwards.  The  loom  was  weaving 
a  i>attern  of  90  picks  with  four  shuttles;  but 
with  1 2  inches  length  of  barrel,  giving  twelve 
turns  of  tho  pattern-holes  and  studs,  750  double 
picks  or  1,500  single  picks  may  be  had  in  a  single 
traverse  of  the  cylinder,  and  3,000  picks  to  com- 
plete the  pattern  in  a  double  traverse. 

There  are  four  healds,  susjiended  by  straps  over 
rollers,  worked  by  four  treddles  driven  by  four 
cams  which  are  turned  from  the  second  shaft  by 
means  of  Ixjvil  gearing  proportioned  as  two  to 
one,  to  turn  at  the  same  speed  as  the  first  shaft. 

The  loom  has  41  inches  reed  space,  and  makes 
1 30  picks  jter  minute,  working  with  four  shuttles. 
It  can  make  145  picks  if  there  are  only  three 
shuttles  to  work;  but  with  five  shuttles,  the 
speed  foils  to  1 25  picks  per  minute.  The  limit 
to  speed  is  imposed  by  the  necessity  for  waiting 
till  the  shuttle-box  completely  falls  or  rises  to 
tho  required  level,  and  it  may  l»e  easily  under- 
stood that  the  action  of  changing  the  shuttle  is 
hard  upon  the  shuttle -box,  tho  cams,  and  the 
gearing  in  connection. 

3.  Check  Loom,  No.  2.— This  loom  is  adapted 
for  weaving  fine  muslins,  striped,  twilled,  and 


plain.  It  has  an  underpiek,  41-inch  reed-space, 
a  two-shuttle  rising  box,  and  makes  150  even 
picks  per  minute.  It  has  four  leaves  or  healds. 
It  was  employed  in  weaving  twill,  making  the 
shed  with  three  leaves  up  and  one  down,  chang- 
ing the  heald  for  every  shed.  The  pattern-barrel 
is  much  narrower  than  in  the  other  loom,  being 
only  3  inches  broad  ;  it  differs  from  the  last  also 
in  having  two  functions  to  discharge  :  —  first, 
with  one  circle  of  holes  and  studs  to  work  the 
changes  of  the  shuttles,  giving  240  single  picks 
to  form  the  pattern ;  secondly,  with  a  second 
circle  of  holes  and  studs  to  regulate  the  formation 
of  the  twill  by  doing  two  things  : — to  disengage 
the  take-up  ratchet  and  stop  the  take-up  motion 
when  required,  and  to  form  the  shed.  The 
healds  arc  suspended  from  a  double  set  of  jack- 
levers  overhead,  acting  as  a  parallel  motion  simi- 
larly to  the  twilling  loom  of  Mr.  Hodgson's, 
with  the  difference  that  instead  of  moving  the 
healds  by  the  jacks  overhead,  they  are  moved 
from  below,  whilst  the  jacks  overhead  are, 
with  the  healds,  sustained  in  position  by  spiral 
springs.  Instead,  therefore,  of  lifting  the  heald-* 
by  power,  and  drawing  them  down  by  springs,  as 
in  Mr.  Hodgson's  loom,  they  are  drawn  down  by 
power,  and  lifted  and  sustained  by  springs.  The 
healds  are  drawn  down  by  means  of  four  jacks 
below  the  web  placed  across  the  loom,  from  which 
four  hangers  are  suspended,  one  to  each.  When 
the  jjwks  are  to  lie  pulled  downwards,  the  hangers 
are  placed  in  connection  with  their  respective 
treddles,  which  are  worked  by  four  cams  on  the 
second  shaft.  The  treddles  pull  them  down  ac- 
cordingly, and  with  them  the  healds  to  form  the 
shed.  When  the  hangers  hang  free  from  the 
treddles,  the  healds  remain  up.  The  motion  for 
engaging  the  hangers  with  the  treddles  acta 
simply  by  pushing  them  into  contact  with  the 
ends  of  the  treddles,  when  they  notch  together. 
A  special  wyper-shaft  is  driven  by  spur- gear 
from  the  second  shaft,  making  one  turn  for  four 
of  the  crank-shaft,  and  carrying  four  wypers 
which  revolve  behind  the  hangers ;  each  wyper 
in  turn  pushes  the  hangers  successively  into  con- 
nection with  the  treddles,  and  thus  the  motion 
is  accomplished. 


CHAPTER  XII. 

LOOMS  EXHIBITED  DY  MESSRS.  J.  AXD  W. 
WHITESMITH,  OLA8GOW. 

Messrs.  Whitesmith  exhibited  two  check  or 
"  multi-shuttle*'  looms  for  the  production  of  fancy 
fabrics,  as  the  Scotch  clan  tartans  and  German 
twilled  plaids. 

1 .  Check  Loom. — This  is  a  loose-reed  overpick 
loom,  on  Mr.  Whitesmith's  patent,  with  a  six- 
shuttle  rising  or  drop  box.  It  lias  a  reed-sjmce 
of  33  inches;  and  it  was  weaving  a  web  24  inches 
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wide,  making  from  150  to  165  even  picks  per 
minute.  The  shuttle-box  motion  is  regulated  by 
means  of  cards, — in  this  instance,  forty  in  num- 
ber,— j  inch  broad,  hung  in  front,  over  an  eight- 
sided  "cylinder"  or  prism,  with  two  rows  of 
boles  and  blanks,  and  two  joints  to  drop  over 
them.  The  shuttle-box  is  raised  and  lowered 
in  connection  with  a  horizontal  lever  having 
a  segmental  rack  on  one  end,  gearing  with  a 
toothed  pinion  fixed  on  a  stud  with  a  couple  of 
tumblers,  on  a  level  with  the  second  shaft. 
The  motion  is  delivered  from  a  single  crank 
on  the  end  of  the  second  shaft,  which  works  two 
(tills  or  hooks,  one  to  act  above  and  the  other 
below  the  two  tumblers  respectively.  By  the 
agency  of  the  cards  and  the  points,  which  are 
raised  or  lowered  by  means  of  small  correspond- 
ing levers  connected  with  the  point -levers  by 
wires,  one  or  other  pall  turns  the  tumbler  and 
pinion  in  either  direction,  and  so  elevates  or 
lowers  the  shuttle-box,  as  required,  for  the 
change  of  shuttle,  changing  one  at  a  time.  A 
third  rod  proceeds  from  the  same  crank  to  com- 
municate the  vibrating  motion  of  the  card-cy  Under 
to  and  from  the  points.  The  taking-up  motion 
is  positive,  with  an  emery  roller, — the  system 
chiefly  followed  in  Glasgow.  The  letting-off 
motion  consists  of  the  common  friction-ropes 
and  weighted  levers. 

2.  Check  Loom.  —  The  checking  or  shuttle- 
motion  of  this  loom  is  on  Mitchell  k  Whitclaw's 
latent,  and  is  fitted  with  a  three-shuttle  drop- 
box  worked  similarly  to  the  shuttle-box  of  the 
other  loom,  but  capable,  in  addition,  of  skipping 
a  shuttle.  The  shuttle-motion  is  regulated  by 
|attern-cards,  which  regulate  also  a  twilling 
motion,  on  Mr.  Whitesmith's  patent.  For  these 
objects,  the  cards  have  four  series  of  holes  and 
blanks,  and  four  points  are  dropped  over  them. 
The  three  changes  of  shuttle  are  made  as  before, 
by  means  of  two  tappets  and  pushing  rods  worked 
from  a  cam  on  the  second  shaft ;  with  this  pecu- 
liarity, tliat  one  tappet  determines  the  two  extreme 
{■virions  of  the  shuttle-box,  and  thus  provides 
for  the  action  of  the  first  and  tliird  shuttles, 
whilst  the  other  tappet  determines  the  middle 
jwsition  of  the  shuttle-box,  and  provides  for  the 
action  of  the  second  shuttle.  Thus,  by  the 
sejiaratc  or  combined  action  of  the  two  pusliing 
rods  and  tapj»ets,  any  one  of  the  three  shuttles 
may  be  at  once  brought  into  action.  For  work- 
ing the  shuttle-box,  two  of  the  points  are  applied 
on  the  cards.  The  two  remaining  points  operate 
on  the  twilling  motion,  which  is  driven  by  two 
tappet-wheels  in  such  a  way  that,  by  arranging 
the  cards  suitably,  the  loom,  in  the  course  of 
working,  changes  from  plain  twill  or  vice  versa 
at  any  moment,  so  as  to  produce  fabrics  partly 
twilled  and  jwrtly  plain.  The  loom  makes  from 
HO  to  155  picks  per  minute. 

These  looms  are  adapted  for  fabrics  varying 
in  weight  and  cliaracter,  from  stout  druggets  or 
heavy  cotton  ginghams  up  to  the  finest  dress 


winseys  and  lustres,  including  mixed  fabrics  of 
cotton,  worsted,  alpaca,  moliair,  and  silk,  with 
from  one  to  six  shuttles.  The  twilling  motion 
being  j>erfectly  nutonuitic,  waiving  twill  or  plain 
at  will,  an  extensive  command  of  pattern  can  be 
secured  by  its  use. 

Note. — Messrs.  Whitesmith  exhibited,  in  con- 
nection with  the  above,  two  spindles  of  their 
three-cone  anti-friction  winder,  arranged  on  each 
loom  so  ns  to  wind  tho  bjmx>1s  for  filling  the 
shuttles.  The  j>eculiarity  consists  in  sustaining 
and  guiding  the  pirn  or  bobbin  between  three 
cast-steel  cones  revolving  on  inclined  axes,  tho 
object  of  which  is  to  wind  the  finest  or  the  most 
delicately  coloured  yarns  without  injury,  there 
being  no  surface  friction  ns  in  other  winders. 
The  cones  are  adjustable  to  wind  various  sizes  of 
bobbins,  with  a  diversity  of  yam  at  the  same 
time.  This  system  of  winding  has  lieen  found 
to  be  very  successful  in  the  winding  of  fine  silk 
yarns,  and  in  j  (articular  for  the  winding  of  wet 
silk,  in  which  it  supplies  a  desideratum  long  felt. 

Although,  as  exhibited,  the  winder  can  be 
neatly  adapted  to  tho  looms,  and,  being  driven 
from  the  loose  pulley  of  the  loom,  may  continue 
to  wind  whether  the  loom  is  going  or  at  rest, 
yet  the  main  object  was  to  show  the  new 
principle  of  winding,  it  Wing  generally  recom- 
mended to  have  the  winding  spindles  on  separate 


CHAPTER  XIII. 

ENGLISH  CARPET  LOOMS. 

During  the  last  eleven  years  extensive  changes 
have  been  made  in  tho  machinery  for  carpet- 
weaving,  arising  from  the  introduction  of  tho 
I>ower-looin.  The  application  of  steam-power 
weaving  to  tajxjstry  carj>ets  had  been  found  so 
successful  that,  according  to  the  Jury  Report  on 
carpets,  Messrs.  John  Crosaley  «k  Sons,  of  Halifax, 
naturally  turned  their  attention  to  the  manu- 
facture of  Jacquard-loom  caqjets  by  steam  jwwer, 
stimulated  in  this  enterprise  by  the  specimens  of 
power-wove  Brussels  enqtets,  which  Mr.  Bigelow, 
the  American  inventor,  had  sent  to  the  Great 
Exhibition  of  18.51  just  before  its  close.  They 
succeeded  in  producing  a  |>ower-loom  for  Jacquard 
carjs't  wearing,  capable  (in  ISG'2)  of  turning 
out  forty  yards  per  day, — more  than  double  that 
made  by  the  original  loom  of  Bigelow,  and  five 
or  six  times  as  much  as  an  ordinary  hand-loom 
could  produce  in  the  same  time.  Hand-loom 
Jacquard  weaving  is  now  almost  entirely  siq>er- 
seded  by  steam-loom  Jacquard  weaving. 

It  is  stated,  further,  in  the  Jury  Rej>ort,  that 
the  leading  carpet  fabrics  of  English  mako  are 
the  Jacquard  Brussels,  and  the  tai>estry  or  printed 
carpet ;  the  former  with  figures  raised  by  the 
Jacquard  process,  and  employing  from  two  to 
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five  frames  or  warps  of  differently  coloured 
worsted ;  the  latter  being  of  a  single  warp  only, 
printed  by  se|>arate  threads  at  a  time,  with  any 
number  of  colours  in  each  thread,  subsequently 
woven  into  a  cloth.  The  tajHJstry  carpet,  simpler 
and  more  economical  than  the  Jacquard  Brussels, 
was  the  invention  of  the  late  Mr.  Richard 
Whytock,  of  Edinburgh,  who  disposed  of  his 
patent  to  Messrs.  Crossley.  In  their  hands,  the 
manufacture  of  tii]>estiy  carpets  attained  to  great 
perfection  in  detail,  and  the  result  has  been  to 
establish  the  seat  of  this  manufacture  at  Halifax. 
Brussels  and  velvet-pile  carpets  made  in  the 
J acquard  loom,  are  made  chiefly  at  Kidderminster, 
where,  in  1772,  250  hand-looms  produced  all  the 
carpets  then  required ;  now,  there  are  upwards 
of  400  ]K)wer-looms,  besides  hand-looms,  with 
twelve  times  the  rate  of  production. 

The  extraonlinary  influence  of  the  new  com- 
mercial treaty  between  France  and  England,  in 
promoting  the  demand  for  English  carjiets,  is 
manifest  from  the  fact  that  the  annual  average 
of  the  four  years'  exports,  before  the  treaty,  from 
1857  to  18G0,  amounted  to  48,279  yards,  value 
.£7,508  ;  whereas,  in  1801,  the  first  year  of  the 
treaty,  472,1)52  yards  were  exerted,  of  the  value 
of  £61,369. 

Tho  tapestry  carpet-loom  exhibited  by  Messrs. 
Tuer  «fc  Hall  (now  Mr.  Robert  Hall),  hiis  already 
been  described  with  their  other  looms  exhibited 

Messrs.  Jackson  it  Graham,  of  London,  ex- 
hibited one  of  Crossley's  Jacquard  looms  for 
weaving  Brussels  car]»et.  Messrs.  Henderson 
&  Co.,  of  Durham,  also  exhibited  a  Jacquard 
loom  for  weaving  Brussels  and  velvet  carpets. 
The  motions  for  withdrawing,  transferring  and 
inserting  tho  wires,  were  of  different  kinds  in 
the  respective  looms ;  but  the  withdrawing 
motions  were  on  the  same  principle,  in  which 
the  end  of  a  lever,  worked  by  a  tapjiet,  is  con- 
nected with  tho  apparatus  which  holds  the  wire. 
The  yarn,  which  is  dyed,  is  wound  on  bobbins 
hung  in  frames  behind  the  loom,  each  frame 
containing  2GU  bobbins.  There  are  five  frames  1 
of  bobbins,  which  is  the  number  generally  em- 
ployed in  making  good  carpets,  making  in  all, 
1,300  bobbins  or  warp  threads.  Of  these,  only 
one-fifth,  or  2G0  threads,  rise  by  means  of  the 
Jacquard  action  to  the  surface  of  the  cloth  at 
one  time,  to  form  the  pittcm  ;  the  remaining 
four-fifths  of  the  warp  threads  floating  through 
the  ground  or  base  of  the  fabric.  In  the  arrange- 
ment of  the  bobbins,  the  warps  of  the  proper 
colours  arc  put  into  their  proper  places  in  the 
frames.  In  the  process  of  weaving  a  pattern  of 
a  large  design,  the  bobbins  require  occasionally 
to  be  taken  out  of  the  frames  and  replaced  by 
others. 

The  loom  of  Messrs.  Jackson  «fc  Graham  made 
52  picks  ]>er  minute,  and  was  capable  of  weaving 
32  yards  of  carpet  per  day.  That  of  Messrs. 
Henderson  ifc  Co.  made  90  picks  per  minute, 
and  was  capable  of  producing  about  40  yards  of 
best  or  five-frame  cloth  per  day  of  ten  and  a  half 


hours.  It  works  on  the  "single-shed"  principle, 
though  it  may  Ik3  adapted  to  work  by  "double- 
shed,"  on  which  principle  it  may  produce  50  yards 
of  three-frame  cloth  per  day.  It  is  arranged 
also  for  weaving  printed  warps.  It  has  a  worm 
taking-up  motion,  and  is  well  and  carefully 
finished. 

A  loom  for  weaving  Axminstcr  carpet*?,  it 
may  \ye  observed,  was  contributed  from  the 
United  States,  and  will  be  described  in  the 
chapter  on  Foreign  Looms. 


CHAPTER  XIV. 

FLAX  AND  HEMP  WEAVING  MACHINERY,  EXHIBITED 
BY  MESSRS.  C.  PARKER  AND  SONS,  DUNDEE. 

The  exhibition  of  looms  for  weaving  linen, 
sailcoth,  and  sacking,  with  dressing  and  winding 
machines,  was  reserved  for  Messrs.  Parker,  of 
Dundee,  whose  sailcloth  and  other  power-looms 
arc  well  known. 

1.  Maihematical  SailcloUi  Loom.—  They  ex- 
hibited their  "  mathematical"  sailcloth  bom,  to 
weave  30  inches  wide  from  four  beams.  The 
principal  features  are,  first,  the  letting-off  motion, 
in  which  the  yarn  is  passed  between  two  rollers 
and  round  a  third  roller  covered  with  woollen 
cloth.  The  first  two  rollers  are  geared  together  by 
an  intermediate  stud-wheel,  and  driven  by  a  worm 
and  worm-wheel,  the  third  roller  l)eing  kept  down 
by  the  draw  of  the  warp.  Secondly,  the  taking- 
up  motion  is  effected  by  means  of  self-adjusting 
weighted  levers  acting  on  a  worm  shaft  which 
gears  with  a  toothed  wheel  on  the  cloth  beam, 
the  weights  being  thus  moved  nearer  the  ends  of 
the  levers  as  the  eloth-l>eam  increases  in  diameter. 
The  lay  or  "  l>eat-up"  Is  worked  by  cranks.  The 
shed  is  formed  and  the  shuttle  is  thrown  by  an 
oveqiick  motion,  as  in  the  Blackburn  calico 
loom. 

2.  Jute  Loom. — Thus  loom  was  designed  for 
weaving  jute  socking,  bogging,  and  other  coarse 
fabrics,  plain  or  twilled,  29  inches  wide.  It  has 
an  ordinary  letting-off  motion  by  means  of 
friction  ropes  on  the  yam  beam,  an  overpick 
motion,  a  positive  taking-up  motion,  and  a  rolling- 
luick  motion,  by  which  the  warp  can  Ije  taken 
Iwick,  from  the  front  of  the  loom,  without  the 
necessity  of  raising  the  weights  or  going  liehind 
the  loom.  The  merit  of  this  loom  consists  in 
the  taking-back  motion,  the  pin -roller  taking-up 
motion,  the  throwing  of  a  large  shuttle  and 
making  a  proper  shed  for  it. 

3.  Fine  Linen  Loom. — This  is  an  undeqnek 
loom,  to  weave  cloth  36  inches  wide,  with  a  new 
bar-motion  in  front  for  casing  the  warp  when 
the  reed  delivers  the  blow,  and  so  reducing  the 
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chance  of  breaking  the  warp  threads  j  and  an 
improved  mode  of  picking  through  the  slay. 

4.  Five-ShtUtle  Linen  Loom. — This  loom  is 
made  with  a  five-shuttle  drop-box,  to  throw 
variouly  coloured  wefts,  with  overpick. 

5.  Warping  Machine. — This  machine  is  CO 
inches  wide,  for  linens  or  jute.  The  yarn-beam 
is  driven  by  a  disc  friction-plate,  adjustable  to 
any  strength  of  yarn,  and  superseding  the  cylinder 
and  change-rings  for  various  widths. 

6.  Dressing  MacJiine. — This  machine,  for  linen 
or  jute,  dresses  two  beams  at  the  same  time,  with 
large  metal  cylinders  and  fanners  for  drying, 
circular  brushes,  pressing  rollers,  disengaging, 
measuring,  and  marking  motions,  (fee. 

7.  Warp-winding  Machine.  —  This  machine 
has  2-t  spindles,  for  winding  any  quality  of 
linen  or  jute  yarns,  with  a  rack  traversing 
motion. 

8.  Wejl-winding  Machine. — In  this  machine, 
with  32  spindles,  for  linen  or  jute,  the  winding 
is  performed  on  horizontal  spindles  direct  from 
the  pank  to  the  shuttle-bobbin  or  pirn,  the 
spindles  being  driven  by  friction-discs. 

9.  Wffl-windiivj  MacJiine. — This  machine  luus  j 
ten  upright  spindles,  suitable  for  heavy  canvas  { 
yarns,  to  wind  from  the  bobbin. 


CHAPTER  XV. 

FOREIGN  LOOMS. 

In  the  Foreign  section  of  the  Western  Annex, 
sevend  looms  were  exhibited,  chiefly  from 
France. 

French  Looms. — M.  Mercier,  of  Louviers, 
was  the  principal  exhibitor  of  looms,  of  which 
he  showed  two  underpick  woollen  looms  at 
work.  Tho  first  had  a  single  shuttle ;  the 
second  was  a  three-shuttle  rising-box  loom. 
They  were  good  ordinary  slow  looms,  of  the 
kind  mostly  in  use  on  the  Continent,  with  the 
old  hand-loom  motions  of  seventy  years  ago. 
The  picking  motion  is  effected  by  means  of  a 
powerful  spring  at  each  end,  which  is  the 
motive-power  to  throw  the  shuttle,  and  the 
springs  are  taken  in  for  the  next  pick  by  means 
of  cams.  This  spring  motion  does  not  pOBBOW 
any  practical  advantage  over  tho  picking- stick, 
which  is  sufficiently  elastic  in  itself.  The 
motions  are  taken  off  the  first  shaft  by  means  of 
bevil  gearing,  which  it  is  not  judicious  to  employ 
where  spur  gearing  can  be  applied.  The  lathe 
or  slay  is  worked  by  cams  instead  of  the  ordi- 


nary cranks,  by  the  use  of  which,  no  doubt,  for 
a  long  driving  shaft,  tho  strength  and  stiffness 
are  preserved.  Tho  cams  are  so  formed  as  to 
cause  the  lathe  to  "  dwell  "  whilst  the  shuttle  is 
being  thrown.  There  is  a  good  self-acting  motion 
for  stopping  the  loom  by  means  of  a  single  pulley, 
representing  both  the  fast  and  loose  pulleys ;  it 
Is  put  loose  on  the  shaft,  to  which  it  is  connected 
for  driving,  and  from  which  it  is  instantly  dis- 
connected when  the  shuttle  sticks,  or  a  weft- 
thread  breaks. 

Messrs.  Durand  &  Pradel,  of  Paris,  exhibited 
a  Jacquard  loom  of  the  old  construction ;  but, 
instead  of  tho  square  "  cylinder "  and  cards, 
they  substitute  for  cheapness  a  round  "cylin- 
der," to  work  with  a  continuous  sheet  of  thin 
paper.  The  cylinder  is  caused  to  revolve  conti- 
nuously— the  feelers,  as  they  approach  and 
recede,  ]>ointiiig  to  the  centre  of  tho  cylinder. 
The  loom  was  not  at  work,  but  it  cannot  pro- 
bably make  more  than  80  picks  per  minute. 

M.  Bacot,  of  Sedan  (Ardennes),  exhibited  a 
tlu*ee-shuttle  woollen  loom,  with  a  single-acting 
Jacquard  motion ;  it  is  designed  for  weaving 
heavy  woollen  cloth.  The  shuttles  arc  shifted 
horizontally  by  a  motion  regulated  by  the 
Jacquard.  The  loom  was  not  worked,  nor  was 
it  in  working  order ;  and  probably  never  wove 
the  piece  of  cloth  with  which  it  was  mounted. 
M.  L.  Bmneaux,  Jun.,  of  Rethel  (Ardennes), 
I  exhibited  a  woollen  loom  with  double-acting 
!  Jacquard,  on  Postel's  system.  It  had  fifteen 
hcalds,  which  formed  tho  Bhed,  by  parting  from 
tho  level  equally  up  and  down.  The  chief 
noticeable  feature  was  the  short  crank-arm  with 
which  it  was  fitted,  to  give  dwell  to  the  slay,  in 
the  manner  of  Taylor's  motion  for  tho  samo 
purpose,  exhibited  by  Messrs.  Dickinson  <fc  Sons. 
The  slay  had  12-inch  "  cars"  cast  on,  with  0-inch 
crank-arms,  and  3  \ -inch  cranks. 

M.  Mouline  exhibited  a  calico  loom,  in  which 
the  shuttle  is  moved  by  magnetic  action  instead 
of  by  jwrcussion. 

M.  N.  Berthclot,  of  Troyes,  exhibited  three 
stocking  looms — two  circular,  and  one  rectili- 
near,— called  the  Troyes  fraine.  In  these  looms 
there  arc  means  for  giving  equal  tension  to  the 
yarn,  and  for  weaving  figures  ;  there  is  also  a 
good  stop-motion.  In  the  rectilinear  loom 
there  is  introduced,  in  addition,  an  ingenious 
mode  of  narrowing,  by  which  the  piece  is  formed 
ready  for  joining. 

MM.  E.  Tailbouis  «fc  Co.,  St,  Just-cn-Cluiussee, 
exhibited  a  rectilinear  loom,  by  which  they  are 
enabled  to  weave  four  to  six  stockings  at  ono 
time  in  a  frame.  The  narrowing  is  pcrfonned 
automatically,  and  the  needles  are  supported  by 
bars. 

MM.  Fouquet  «fe  Franz,  Stuttgart,  exhibited 
several  circular  knitting  machines,  in  which 
the  length  of  the  mesh  can  be  varied  by  merely 
turning  a  screw,  and  the  mesh  is  firmly  retained 
in  the  course  of  formation. 

Messrs.  Baudouin  Brothers  <fc  Jouannin,  of 
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Paris,  exhibited  a  self-actiug  power- loom  for 
weaving  nets,  in  cotton,  flax,  hemp,  or  silk. 
The  loom  is  on  the  system  of  Buron  &  Pecqueur ; 
it  has  153  shuttles,  and  can  produce  at  least 
1,300  knots,  or  nine  rows  of  knots,  per  minute, 
and  is  adapted  for  weaving  niiddle-sized  nets  for 
catching  codfish,  herring,  <kc.  The  knots  are 
made  exactly  like  the  fisherman's  knots,  and  give 
a  loop-selvage.  The  net-lap  varies  from  50  to 
250  meshes  in  width,  according  to  the  number 
of  shuttles  in  the  loom,  and  it  may  be  divided 
as  required  into  several  separate  strips  with 
loop  selvages.  By  combining  threads  of  contrary 
twist,  the  shrink,  when  the  net  is  wetted,  is 
effectually  prevented.  In  the  tightening  of  the 
knots  in  the  loom,  each  thread  is  allowed  sufficient 
freedom  to  ensure  the  regularity  of  selvage.  For 
the  manufacture  of  wide  fishing  nets,  or  drag- 
nets, a  loom  with  51  shuttles  is  employed. 

Belgium. — Messrs.  Houget  «fe  Teston,  of  Vcr- 
viers,  exhibited  a  woollen  loom  for  plain  work. 
The  slay  is  worked  by  means  of  a  cam  acting  on 
a  series  of  bell-cranks — a  system  which  is  fre- 
quently employed  to  make  the  slay  strike  the 
web  twice  after  each  pick,  to  drive  up  the  tliread, 
and  make  a  cloth  of  close  texture. 

Austria.— Mr.  W.  Schramm,  of  Vienna, 
exhibited  a  single-acting  Jacquard  loom,  in  which 
the  second  motion  is  dispensed  with,  Iiaving  oak 
sticks  instead  of  metallic  wires,  which,  of  course, 
tidd  to  its  bulk.  It  was  remarkably  well  made, 
particularly  the  comber  board,  and  was  very 
cheap. 

Switzerland.  —  Messrs.  Wahl  &  Socin,  of 
Basle,  exhibited  two  single-acting  Jacquard 
looms  for  weaving  figured  ribbons— one  for  four, 
the  other  for  eight  ribbons,  or  other  narrow 
work,  as  for  upholsterers'  consumption.  The 
machines  are  well  made,  and  make  excellent 
work,  but  on  the  old  single-acting  principle, 
and  slow  in  their  motions.  The  four-ribbon 
loom  makes  70  picks  per  minute,  and  the 
other  00  picks.  They  could  have  been  con- 
structed to  make  twice  as  many  picks  in  a 
minute  ;  but  as  they  are  now  constructed,  they 
wovdd  tumble  to  pieces  if  it  were  attempted  to 
work  them  so  quickly.  The  lingoes  have  too 
much  freedom,  and  the  crank  for  working  the 
Jacquard  has  a  great  deal  too  much  throw,  with 
a  needless  swing  on  the  machine.  The  crank 
might  have  been  made  much  shorter,  with  ad- 
vantage in  i>oint  of  steadiness  and  jqieed. 

,  Italy. — M.  E  Vincenzi,  of  Modena,  exhi- 
bited a  Jacquard  machine,  in  designing  which 
the  object  has  been  to  admit  of  the  use  of  cards 
of  reduced  size,  and  about  half  the  usual  thick- 
ness. M.  Vincenzi  has  aimed  at  making  the 
.smallest  |>oHsil>lc  needle-hole,  and  jmcking  the 
holes  closely  together.  In  English  practice,  the 
object  is  to  get  the  holes  as  large  as  possible;  | 


they  are  already  made  as  small  as  they  can 
judiciously  be  made,  allowing  for  the  expansion 
and  contraction  of  the  cards. 

Signor  G.  Bonelli,  of  Turin,  exhibited  the 
electrical  loom,  with  which  his  name  has  been 
for  some  time  associated.  He  has  long  been 
known  as  a  scientific  and  practical  man,  and  has 
for  many  years  past  had  his  attention  turned  to 
the  application  of  electricity  as  a  substitute  for 
the  Jacquard  apparatus  in  the  loom  ;  but  he  has 
only  lately  been  able  so  to  perfect  his  arrange- 
ments as  to  bring  them  before  the  commercial 
world  in  a  form  which  he  considers  adapted  for 
general  use. 

So  long  ago  as  1854,  Signor  Bonelli  con- 
structed an  electrical  loom,  which  was  exhibited 
at  that  time  in  Turin;  but  the  first  trial  to 
which  the  machine  was  submitted  gave  but 
small  hope  to  those  who  saw  it  that  the  inventor 
would  succeed  in  his  object  The  public  trial 
at  Turin,  in  1854,  in  the  presence  of  manufac- 
turers, was  not  so  successful  as  to  remove  all 
doubts  as  to  the  merits  of  the  novel  apparatus 
In  the  following  year  it  was  submitted  to  the 
judgment  of  the  Academy  of  Sciences,  at  Paris, 
who  appointed  a  committee  to  examine  it ;  but 
it  is  believed  that  no  report  was  ever  made.  In 
1855,  a  model  of  the  loom  had  a  place  at  the 
Universal  Exhibition,  at  Paris;  but  the  late- 
ness of  its  arrival  there  prevented  any  official 
rejKjrt  being  made  in  reference  to  its  merits. 
Since  then,  Signor  Bonelli  has  devoted  much 
time  and  attention  in  endeavouring  to  remedy 
its  defects  and  to  perfect  its  working,  so  as  to 
render  it  cajiable  of  holding  its  place  in  the 
factory.  The  Author  is  again  indebted  to 
Mr.  Foster's  able  i»q>cr,  already  referred  to,  for 
the  following  excellent-  description  of  the 
loom : — 

In  the  first  place,  it  must  be  understood  that 
the  sixjeial  object  of  Signor  Bonelli's  machine 
is  to  do  away  with  the  necessity  for  the  Jacquard 
cards  used  to  produce  the  pattern  at  the  present 
time, — the  chief  source  of  delay  and  a  source 
of  very  considerable  cost,  more  esj>ecially  in 
patterns  of  any  extent  and  variety  of  treat- 
ment. Signor  Bonelli  uses  an  endless  band 
of  paper,  of  suitable  width,  the  surface  of 
which  is  covered  with  tin-foil.  On  this  metal- 
lized surface  the  required  pattern  is  drawn, 
or  rather  painted,  with  a  brush  in  black 
varnish,  rendering  the  parts  thus  covered  non- 
conducting to  a  current  of  electricity.  This 
band  of  paper,  bearing  the  pattern,  being  caused 
to  pass  under  a  series  of  thin  metal  teeth,  each 
of  which  is  in  connection  with  a  small  electro- 
magnet, it  will  readily  be  conceived  that,  as  the 
band  {Misses  under  these  teeth,  a  current  of  elec- 
tricity from  a  galvanic  battery  may  be  made  to 
]mss  through  such  of  the  teeth  as  rest  on  the 
metallized  or  conducting  portion  of  the  band  ; 
and  from  such  teeth,  through  the  respective 
coils,  siuTounding  small  bars  of  soft  iron,  thus 
rendering  them  temporary  magnets,  whilst  no 
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current  panes  through  those  connected  with  the 
tet?th  resting  on  the  varnished  portions.  Thus, 
at  every  shift  of  tho  band,  each  electro- magnet, 
in  connection  with  the  teeth,  becomes  active,  or 
remains  inactive,  according  to  the  varying  por- 
tion of  the  pattern  which  liap]»ens  to  be  in  con- 
tact with  the  teeth.  In  a  movable  frame  oppo- 
site the  ends  of  the  electro-magnets,  which,  it 
should  be  stated,  lie  in  a  horizontal  direction, 
are  a  series  of  small  rods  or  pistons,  as  Signor 
Bonelli  terms  them,  the  ends  of  which  are 
reflectively  opposite  to  the  ends  of  the  electro- 
magnets. These  pistons  arc  capable  of  sliding 
horizontally  in  the  frame,  and  |>ass  through  a 
plate  attached  to  the  front  of  it.    When  this 


frame  is  moved,  so  that  the  ends  of  the  pistons 
are  brought  into  contact  with  the  ends  of  the 
electro-magnets,  they  are  seized  by  such  of  them 
as  are  in  an  active  state  ;  and,  on  moving  the 
frame  forward,  the.se  are  retained,  while  the 
others  arc  earned  luick  with  it,  and,  by  means 
of  a  simple  mechanical  arrangement,  lxjcome 
fixed  in  their  places.  Thus,  there  is,  in  front  of 
the  frame,  a  plate  with  holes,  which  are  only 
oj>en  where  the  pistons  have  been  withdrawn  ; 
and  this  plate,  as  will  lie  readily  understood, 
acts  the  part  of  the  Jacquard  card,  and  is  suit- 
able for  receiving  the  steel  needles  which  govern 
the  hooks  of  the  Jacquard,  in  connection  with 
the  warp-tlircads  as  ordinarily  used  (fig.  58). 


Fio.  68. 
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El.rcT»:c  Loom,  by  M.  Bonelli.  A,  perforated  plate;  O,  electro-magnets ;  6.  rod*  moving  in  the  frame  /,  and  forming  the  armature 
of  the  magneta,  with  heada  rf,  opposite,  the  needle  e,  of  tho  Jacquard  ;  mi,  thin  metallic  plate*,  innulated  by  comb-like  material  n  », 
in  which  they  are  inaerted,  and  hearing  on  the  nheet  P,  carrying  the  design,  hung  on  the  cylinder  li ;  U,  contact-breaker.  At  a 
given  moment,  the  plate  A  k  •lightly  lowered,  a*  in  fig.  3,  which  prevent*  the  heada  d  paaaing. 


Each  shift  of  the  pattern,  combined  with  the 
ttckward  and  forward  movements  of  the  frame 
tearing  the  pistons,  produces  a  different  series 
•f  holes  in  the  plate,  which  thus  !>ecoimis  what 
imy  be  termed  a  universal  Jacquard  ami,  chang- 
ng  its  face  at  each  contact,  in  accordance  with 
he  requirements  of  the  iwttern.    Thus  it  is  con- 


templated in  the  electric  loom  to  get  rid  of  all 
those  costly  preliminaries  which  are  required  for 
the  preparation  of  the  cards,  accomplishing 
instantaneously  and  automatically  an  analogous 
operation. 

With  the  loom  exhibited  in  the  Western 
Annex,  40  to  5(1  picks  per  minute  were  made 
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by  hand,  and  it  was  stated  that  from  100  to  120 
picks  could  be  made  by  steam  pwcr.  The  limit 
of  sjkxhI,  it  is  said,  is  not  in  the  electrical  apparatus, 
but  in  the  Jaequard  itself.    For  1,000  cards,  it  | 
Ls  acknowledged,  the  electrical  appliances  are  1 
not  worth  substituting.    For  5,000  cards,  they  I 
could  be  substituted  advantageously,  in  point  of  | 
economy.    The  width  of  pattern  is  1G  inches  I 
for  400  wires,  for  which  it  is  stated  a  five-cell 
Ixittery  would  be  required,  costing  twoj>ence 
j>er  day  for  materials. 

Signor  Bonelli  gives  an  example  of  the  com- 
parative cost  of  Jacquard  cards  and  the  electric 
appliances.  He  takes  a  damask  design  requiring  ; 
4,000  cards  and  400  Jacquard  wires.  The  cards,  I 
at  12s.  per  hundred,  cost  .£24.     The  time  for 
preparing  and  reading  the  pattern  and  punching 
the  cards  is  about  live  weeks.    On  the  electric 
system,   the  executing  of  the  design  on  the  j 
metallized  paper  is  estimated  at  £6 ;  the  time,  one 
week.    The  cost  of  the  electric  apparatus  to  be 
adapted  to  the  looms  at  present  in  use,  Ls  said 
to  be  about  £20. 

The  loom  was  at  work  in  the  Western  Annex,  1 
but  it  was  subject  to  frequent  interruptions  ;  and 
something  remains  to  he  done  for  it  before  it 
can  take  the  rank  of  an  approved  working 
machine. 

United  States.  —  A  novel  power-loom  for 
weaving  "tufted  pile"  fabrics,  invented  by  Mr. 
H.  Skinner,  of  New  York,  was  exhibited  at  i 
work  by  Mr.  A.  Smith,  of  the  same  place.    It  : 
is  designed  for  weaving  "Axminster"  carpets,  j 
rugs,  and  mats,  which  are  commonly  woven 
by  hand  by  the  process  termed  "  finger  nig- 
weaving."    The  tufts  are  cut  from  an  endless  [ 
series  of  worsted  bobbins,  270  in  number,  dyed 
in  conformity  to  the  pattern,  the  threads  of 
worsted  lieing  wound  on  each  l>obhin,  of  different 
colours,  ranged  side  by  side,  each  contributing 
one  row  of  tufts  to  the  web.    The  threads  of 
each  successive  roller  vary  of  course  in  arrange- 
ment, 270  rows  of  tufts  having  been  required 
for  the  completion  of  the  juittem    that  was 
wrought  in  the  loom.    Seven  rows  of  tufts,  I 
three-quartan  of  a  yard  wide,  are  inserted  per  ; 
minute,  for  fixing  which  three  picks  are  made 
for  each  tuft,  or  21  picks  per  minute.    There  an 
five  rows  of  tufts  to  the  inch  forward,  and  twenty 
yards  per  day  are  turned  out.    By  the  hand- 
loom,  one  minute  at  least  is  required  to  fix  one 
row  of  tufts,  turning  out  at  this  rate  only  three 
yards  j»er  day. 

To  i>erform  in  succession  so  many  movements, 
some  of  them  of  a  complex  character,  it  may  be 
conceived  that  this  loom  is  complicated  in  con- 
struction. The  endless  series  of  worsted  bobbins 
is  shifted  forward  one  bobbin  at  a  time,  and  at 
one  part  of  the  circuit  it  passes  close  to  the  reed 
of  the  loom  ;  at  the  proper  moment  an  apparatus 
lavs  hold  of  the  nearest  roller,  unhooks  it,  and 
brings  it  down  to  the  yam  while  the  reed  Ls 


Imck,  when  a  bar  under  the  warp-yarn,  which 
carries  a  series  of  pincers,  approaches,  and  jmscs 
the  pincers  through  the  vara  ;  the  pincers  seize 
the  ends  of  the  worsted  vara  on  the  bobbin,  pull 
them  down  through  the  warp,  and  return  with 
the  worsted  to  the  upper  side  of  the  warp.  In 
this  situation  a  knife  approaches,  and  cuts  off  a 
breadth  of  tufts  from  the  bobbin,  the  double 
endfl  of  the  tufts  remaining  upwards  like  tin- 
letter  U-  The  bobbin,  now  set  free,  is  replaced 
on  the  endless  chain,  and  the  chain  Ls  moved  to 
pass  forward  the  next  bobbin.  Meantime,  the 
shuttle  is  passed  three  times  to  weave  in  the 
staples  of  worsted,  and  to  form  the  back  of  the 
web. 

Looking  further  into  detail,  the  warp  is  divided 
into  three  parts, — the  body  warp  of  cotton, 
the  tuft  warp  of  cotton,  and  the  binder  warp,  to 
bind  the  fabric  together,  of  linen  or  cotton. 
These  warps  are  controlled  by  three  he-aids 
worked  by  three  cams  or  tappets,  on  the  end  of 
the  second  shaft,  acting  on  treddles.    A  fourth 
earn  inside  the  frame  lifts  the  nippers,  which  are 
ojM-ned  by  a  fifth  cam,  and  closed  by  a  spring. 
On  the  side  of  the  fifth  aim,  a  sixth  cam  is  fixed, 
to  draw  down  the  wool  to  form  the  tufts,  move 
it  sideways,  and  pass  it  up  again  through  the 
war}).    jThc  wool  is  held  in  place  by  a  comli, 
moved  by  a  seventh  cam,  till  the  shears,  moved 
by  an  eighth  cam,  come  up  and  cut  oft'  the  tufts. 
The  same  cam  moves  an  arm  which  unhooks  the 
bobbins   from    the  fnune.     The  bobbins  are 
brought  into  position  one  at  a  time  by  a  ninth 
cam,  in  concert  with  a  ratchet-motion  on  a  small 
roller  over  the  slay.    The  slay  Ls  worked  by  a 
couple  of  slotted  cams  on  the  first  shaft,  Wing 
the  tenth  and  eleventh  cams ;  and  the  picking- 
sticks  are  struck  together,  from  both  sides  of  the 
loom  at  once,  by  means  of  a  twelfth  cam  with 
three  tips  on  a  sector  of  a  circle.    The  object  of 
the  double  action  is  to  make  sun-  of  striking 
the  shuttle  at  all  times,  at  either  end  of  the  slay, 
and  completing  the  odd  number  of  picks  with- 
out incurring  the  complication  of  extra  oaOH 
and  moveable  picking-shafts,  which  it  was  judi- 
ciously considered  could  not  lx>  afforded. 

Besides  these  motions  for  shedding,  jacking, 
and  tufting,  by  the  instrumentality  of  nine  cam* 
inside  the  loom  and  three  cams  outside,  there  Ls 
an  ordinary  ratchet-wheel  taking-tip  motion  ;  also 
the  letting-off  motion,  by  means  of  a  ratchet 
motion  combined  with  a  movable  roller  sus- 
tained by  a  weighted  lever,  by  which  the  tension 

Ls  regulated. 

The  designing  of  this  loom  has  necessarily 
involved  an  enormous  quantity  of  contrivance ; 
and,  considering  that  it  is  the  first  of  its  kind, 
the  inventor  deserves  great  credit  for  the  per- 
severance  and  resource  with  which  he  has  worked 
out  the  invention  to  a  successful  issue.  It  in 
Open,  no  doubt,  to  simplification  and  improve- 
ment in  detail,  but  it  must  command  the  atten- 
tion of  English  machinists. 
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CHAPTER  XVI. 
SUNDRY  MACHINERY. 

Sjjooling  Machine.  —  Exhibited  by 
Sburp,  Stewart,  &  Co.,  Manchester.  It  Is  most 
ingeniously  contrived, — the  invention  of  Mr. 
W.  Weild,  Manchester.  In  a  descriptive  |mj»er 
on  this  machine,  read  before  the  Institution  of 
Mechanical  Engineers  in  May,  1861,  Mr.  Weild 
mentions  that  attempts  have  been  made  to  wind 
thread  by  self-acting  means  on  to  several  spools 
at  the  same  time ;  but  that,  as  a  large  portion 
of  the  winder's  time  is  occupied  in  placing  and 
removing  the  spools,  and  in  fixing  the  ends  of 
the  threads  to  them,  the  advantage  was  found 
insufficient  to  induce  perseverance  for  overcoming 
the  difficulties.  Mr.  Weild,  notwithstanding, 
invented  this  machine,  in  which  the  entire  ope- 
ration of  spooling  thread  completely  by  self- 
acting  means  is  performed ;  accomplishing  the 
entire  process  of  winding  six  spook  at  once.  It 
fixes  the  empty  spools  ready  for  winding,  and 
guides  the  threads  on  to  them  during  the  wind- 
ing ;  and  exactly  when  tho  required  length  of 
thread  is  wound  on,  it  stops  the  winding,  cuts  a 
nick  in  the  edge  of  the  spool,  and  draws  the  end 
of  the  thread  into  it  for  fastening  off ;  ^hen  cuts 
off  the  thread  and  discharges  the  full  s|>ools,  and 
begins  winding  again  on  a  fresh  lot  of  empty 
spools.  One  set  of  sjiools,  containing  200  yards 
each,  is  filled  in  about  one  minute,  occupying 
about  64  seconds  of  that  time  in  winding,  and 
about  G  seconds  in  changing  the  full  spools  for 
empty  ones.  One  great  difficulty  that  had  been 
experienced  at  first  in  getting  the  machine  to 
work,  was  to  stop  winding  at  the  right  moment 
when  the  spools  were  full,  by  reason  of  the  great 
momentum  of  the  winding  parts  revolving  at 
such  a  high  speed,  which  rendered  it  impossible 
to  stop  at  the  right  point,  until  a  powerful  fric- 
tion-brake was  adopted,  consisting  of  a  strap 
passing  round  a  pulley  of  large  diameter.  By 
this  means  the  winding  is  stopped  dead  at  the 
proper  point,  but  without  any  shock;  and  tho 
gearing  and  spools  are  all  held  quite  stationary 
while  the  changing  movements  are  performed. 
The  machine  can  bo  adjusted  for  any  length  and 
form  of  spool  by  changing  the  M  shaper- template," 
which  regulates  the  travel  of  the  thread-guide  ; 
and  the  number  of  teeth  in  the  ratchet  which 
advances  the  sha]>er-template  determine  the 
length  of  the  thread,  by  fixing  the  number  of 
layers  put  on  the  spool.  The  thread  is  delivered 
on  to  the  spool  through  the  spring  fingers  of  the 
thread-guide,  the  pressure  being  adjusted  by  a 
set-screw,  to  give  it  a  uniform  degree  of  tension 
throughout  the  whole  winding,  and  by  this 
means  to  ensure  the  delivery  of  the  exact  length 
of  thread.  Two  reversing  springs  arc  very  in- 
geniously employed  in  connection  with  the 
shaper-template,  for  reversing  the  travel  of  the 
thread-guides ;  as  tho  tracing  finger  moves 
along,  it  charges  one  of  the  spriugs  gradually, 


;  whereby  it  is  suddenly  thrown  down  and  up 
;  alternately  at  the  two  ends  of  its  travel  across 
|  the  template,  and  is  returned  under  or  over  the 
tern  [date. 

One  machiue  fills  on  an  average  18  to  20  gross 
of  K|)Ools  per  day,  including  stoppages  for  the 
supply  of  thread,  «fcc.  It  requires  only  the  At- 
tendance of  a  girl,  and  it  does  not  require  the 
degree  of  skill  necessary  in  hand- winding.  One 
self-acting  spooling  machine  of  six  heads  will  do 
the  work  of  six  hand-s)>oolers.  It  has  been 
estimated  tliat  upwards  of  three  thousand  persons 
are  employed  in  the  United  Kingdom  insqiooling 
sewing  thread  by  tho  hand  machines,  producing 
between  three  and  four  millions  of  spools  per 


annum. 


Card-Selling  MacJiine.— Exhibited  by  Mr.  T. 
Crabtree,  Halifax  ;  it  is  well  constructed,  and 
differs  slightly  from  the  original  machine  of 
Mr.  Dyer. 

1  [cold -Knitting  Machines.  —  Messrs.  Cook 
ib  Hacking,  of  Bury,  exhibited  a  self-acting  ma- 
chine designed  to  knit  a  perfect  heald  of  any 
counts  or  any  width,  entirely  without  hand 
labour,  and  arranged  to  mako  cither  plain  or 
braided  edges,  with  a  self-acting  stop  motion 
when  the  yarn  breaks  or  is  run  out.  It  makes 
only  a  single  knot  The  machiue  exhibited  was 
delicate,  and  subject  to  get  out  of  order ;  but, 
having  been  the  first  one  made  of  the  kind,  pro- 
bably the  existing  defects  may  be  remedied. 

Mr.  G.  Ward,  of  Blackburn,  exhibited  a 
heald-knitting  machine  worked  by  an  atten- 
dant It  is  a  good  practical  machine,  and  is 
extensively  in  use.  It  makes  single  and  double 
knots,  and  is  so  arranged  that  the  eye  of  the 
heald  as  it  is  formed  is  passed  on  to  a  rod. 
The  machine  docs  half  the  work,  doubling  the 
thread  below,  the  attendant  turning  it  over 
above.  The  machine  does  the  braiding,  the 
attendant  ties  the  knot  The  taking-up  motion 
is  worked  by  spur-gearing  instead  of  worms,  and 
admits  of  the  machine  being  reversed  aud  run 
back  every  time  the  heald  is  changed.  It  makes 
1,000  stitches  per  hour,  or  10,000  per  day  ;  and 
makes  healds  of  any  counts  required,  and  of  any 
depth  from  10  to  18  inches,  embracing  the 
varieties  of  healds  used  in  weaving  cotton, 
worsted,  silk,  or  linen.  The  machino  is  capable 
also  of  knitting  space  healds  required  for  figured 
fabrics. 


Silk  Velvet  Loom. — Messrs.  J.  »fe  R  Robinson 
<k  Co.,  of  London,  exhibited  a  Spitaltields  loom  in 
operation  in  the  Process  Court,  worked  by  baud. 
The  work  produced  was  excellent  in  quality,  and 
small  in  quantity — about  half  a  yard  a  day. 

Fulling  Machines.  —  Messrs.  Fcrrabee  <k  Co. 
exhibited  a   good   fulling   machine.  Similar 
machines  were  exhibited  by  M.  Me  icier  and 
Messrs.  Houget  <fc  Tcston,  of  a  kind  in  general 
i  2 
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use  on  the  Continent,  jiikI  which  has  now  almost 
siq>erseded  the  old  fulling  mill.  In  the  old 
mill,  the  cloth  in  tauten  l»y  n  pair  of  heavy 
swing  mallets  ;  in  the  new  mill,  it  is  passed 
between  a  pair  of  rollers  requiring  only  half 
the  motive  power,  liesides  better  regulating  the 
width  and  length  of  the  pieces. 

Tendering  a)td  Drying  Machine.  —  Mr.  Lee 
Norton  exhibited  a  cloth-tentering  and  wool- 
drying  machine,  by  means  of  which  one  imui  and  I 
a  1k>v  will  dry,  in  a  space  of  12  yards  by  3, 
2,000  to  2,500  yards  of  dot  h  in  a  day,  irrespective 
of  the  weather  ;  whereas,  by  the  old  system  of 
large  drying  houses,  heated  stoves,  and  out-of- 
doors  drying,  it  requires  eight  or  ten  person*  to 
do  the  same  work. 

Brushing  Machine*. — The  machines  exhibited 
are  of  ordinary  construction,  and  such  as  are 
in  universal  use.  By  means  of  the  brushing 
machine  the  nap  of  the  cloth  is  raised. 

Shearing  Machine*. — The  machine  exhibited 
by  Messrs.  Tuer  «fc  Hall,  now  Mr.  Hall,  ha* 
already  lieen  notice* I,  with  the  looms  exhibited 
by  them.  Several  others  arc  shown  by  Messrs. 
HougctifcTcston,  and  by  Mr.  Thomas,  of  Berlin. 
Mr.  Thomas's  was  a  double-cutter  machine,  like 
Mr.  Hall's,  and  was  the  l>est  machine  of  the  kind 
exhibited.  It  is  well  and  strongly  constructed, 
and  is  fitted  with  various  appliances  and  means 
of  adjustment,  the  lnmefits  of  which  arc  fully 
appreciated  by  practical  workers,  who  are  aware 
how  readily  one  of  these  machines,  unskilfully  ' 
handled,  may  cut  or  destroy  a  piece  of  cloth. 
In  Mr.  Thomas's  machine,  an  eccentric  cam  is 
introduced,  for  lowering,  with  the  greatest  degree 
of  nicety,  the  revolving  cutter  in  the  successive 
stjiges  of  the  process  nearer  to  the  cloth  ; 
whereas,  in  the  ordinary  machine,  a  piece  of  tin 
is  put  under  the  adjusting  screw,  for  the  level 
at  the  first  exit,  and  is  taken  out  to  give  the 
level  for  the  second  cut,  permitting  the  knife  to 
work  more  closely  to  tin;  cloth.  There  was  also 
a  motion  for  lifting  the  knife  or  revolving  cutter 
over  a  joint  or  a  fringe.  Again,  the  knives  derive 
their  lateral  motion  by  means  of  a  chain  and 
pinion,  which  is  safer  and  neater  than  the  ordi- 
nary nick.  Tlie  spiral  blades  arc  soldered  int^i 
the  roller,  instead  of  being  fastened  as  usual  by  | 
a  screw.  If  well  done,  it  ought  to  do  ;  but  there 
is  difficulty  in  preserving  the  temper  of  the 
knives  in  the  process. 

Fringe  making  MacJune.—M.  E.  P.  Villain, 


of  Paris,  exhibited  a  simple  machiue,  in  which 
the  material  is  drawn  on"  the  bobbin,  twisted, 
and  sewed  iqiou  tape,  so  as  to  form  a  fringe; ; 
and  the  twist  in  the  cords  of  the  fringe  is  made 
permanent  by  the  application  of  heat 

Ji raid-making  McuJiine. — M.  J.  B.  Laneuville, 
of  Paris,  exhibited  a  simple  machine  to  make 
twenty-four  braids  at  a  time, 

Five-lidler  Ctdender.—The  calender  exhibited 
by  Messrs.  John  Kerr  &  Co.,  Dundee,  is  designed 
for  finishing  linen-  or  cotton  goods.  There  are 
five  rollers  arranged  vertically  over  each  other 
in  a  frame.  The  top  and  bottom  rollers  are  of 
cast  iron,  20  inches  in  diameter,  on  wrought-iron 
shafts  to  sustain  the  pressure  put  on  them  whilst 
at  work.  The  middle  roller  is  11  inches  in 
diameter,  made  hollow,  and  fitted  with  stuffing 
boxes  at  the  ends  for  the  reception  of  steam 
pipes,  or  with  an  opening  to  admit  hot  bolts  if 
required.  The  two  intermediate  rollers,  24  inches 
in  diameter  and  5-1  inches  long,  arc  constructed 
of  sheets  of  brown  paper  densely  packed  and 
compressed,  turned  and  polished,  the  surface 
consisting,  in  fact,  of  Bheets  of  j>aper  on  edge. 
The  calender  is  driven  by  gearing  from  a  first 
shaft  making  80  revolutions  per  minute,  having 
two  belt -pulleys  34  inches  in  diameter  and 
8  inches  wide,  for  open  and  cross  belts,  with  a 
double  friction-clutch  between  them  for  starting, 
stopping,  and  reversing.  The  middle  roller  is 
driven  from  the  first  shaft,  and  makes  20  revo- 
lutions ]>er  minute. 

The  calender  is  adapted  for  plain  calendering 
when  the  cloth  is  passed  between  the  rollers  ;  for 
chesting  or  rolling  the  cloth  on  the  top  roller 
under  heavy  pressure ;  for  mangling  or  rolling 
the  cloth  on  the  second  roller  from  the  top,  when 
the  end  of  the  piece  is  sewed  to  the  body  of  the 
cloth,  and  the  calender  is  turned  backward  and 
forward  under  heavy  pressure ;  for  glazing,  a  drag 
or  slip  being  made  between  the  centre  roller  and 
the  lower  cast-iron  roller,  the  centre  roller  being 
heated  by  steam  or  by  hot  bolts  to  produce  a  high 
degree  of  glaze  ;  and  for  rubbing,  by  the  action  of 
two  revolving  helices  at  the  front  of  the  calender 
rubbing  over  the  surface,  and  equalizing  the 
distance  apart  of  the  warp  threads.  The  pressure 
is  caused  by  weights  8Usj>ended  by  a  chain  over  a 
pulley,  which  carries  a  pinion  on  the  same  shaft 
gearing  into  a  "  horse-head"  lever,  which  conveys 
the  pressuro  to  the  rollers,  with  a  screw  motion 
to  adjust  the  levels.  The  prcssu'-e  is  equal  to 
20  tons  inclusive  of  the  rollers. 
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CHAPTER  I. 

IXTRODVCTIOX. 

The  rapid  progress  of  the  sewing  machine — 
a  comparatively  recent  invention — towards 
maturity,  has  been  very  frequently  remarked ; 
and  justly  so.  The  ail  of  machine-sewing  or 
stitching,  distinguished  from  embroidery,  was 
scarcely  known  in  1851,  and  was  represented  at 
that  time  by  two  very  imperfect  machines.  In 
1855,  at  Paris,  not  fewer  than  fourteen  varieties 
wore  exhibited ;  in  some  of  which  the  best 
practice  of  the  present  time  was  exemplified. 
In  1862  there  were  exhibited  about  fiay  diffe- 
rent arrangements  of  sewing  machines. 

The  manufacture  of  sewing  machines  is  one 
of  the  most  important  branches  of  industry  now 
carried  on  in  America,  where  they  are  exten- 
sively used.  Several  Joint- Stock  Companies 
have  been  established  there  within  the  last  nine 
or  ten  years,  for  working  the  patents  of  different 
inventors.  In  some  of  these  manufacturing 
establishments  sewing  machines  are  regularly 
turned  out  at  the  rate  of  from  400  to  800  per 
week.  The  estimated  total  number  of  sewing 
machines  in  use  in  America  is  300,000,  of  which 
about  75,000  are  employed  by  private  families. 

At  the  lowest  computation,  one  sewing 
machine  is  fully  equal  to  five  hand  sewers. 
Taking  the  ordinary  price  of  this  class  of  labour 
in  America — somewhat  higher  than  in  England, 
—every  machine  will  save  two  dollars,  or  about 
6a  Cd.  per  day,  in  wages  alone,  which  amounts 
to  an  aggregate  saving  in  America  of  upwards 
of  .£29,000,000  per  annum.  According  to  the 
List  census  returns,  the  capital  invested  in  real 
and  personal  estate  in  this  business,  in  nine  of 
the  United  States,  during  the  year  ending 
June  1,  18G0,  was  .£289,050,  employing  2,194 
hands.  The  cost  of  labour  was  .£221,520,  and 
110,330  machines  were  made,  valued  at 
.£1,107,780.  In  England,  the  general  intro- 
duction of  sewing  machines  has  been  retarded 
by  litigation  and  by  other  causes  ;  but  within  the 
last  two  years  their  use  has  ljeen  greatly  ex- 
tended. The  best  American  machines,  which 
were  formerly  excluded,  have  been  largely 
imported  siuce  the  expiration  of  Thomas's  patent 
of  1810. 

The  introduction  of  the  sewing  machine 
necessitated  a  considerable  modification  in  the 
art  of  sewing  itself.  Attempts  had  been  made 
at  imitating  ordinary  hand-sewing  by  the  aid  of 
a  needle  inserted  into  and  drawn  through  the 
fabric  by  mechanical  fingers  or  nippers  ;  but  it 
was  found  necessary  to  abandon  altogether  the 
conventional  system  of  stitching,  and  to  invent 


other  modes  of  uniting  fabrics  by  threads  or 
filaments  better  adapted  to  the  powers  of 
machinery.  The  use  of  detached  lengths  or 
needlefuls  of  thread  iu  machine-sewing,  with  a 
.constantly  varying  length  of  slack,  soon  gave 
place  to  a  method  of  sewing  whereby  the  thread 
could  be  worked  up  continuously  from  a  reel  or 
bobbin ;  an  unvarying  length  of  slack  was  thus 
presented  at  each  stitch,  the  tightening  or  draw- 
ing up  of  which  was  easily  done  by  machinery. 
In  machiue-sewing,  ono  end  of  the  tliread  is 
contained  in  the  fabric  and  the  other  on  the 
reel,  instead  of  in  the  needle,  as  in  hand-sewing ; 
the  thread,  therefore,  can  only  bo  jiassed  through 
the  fabric  in  a  doublo  or  looj«d  form.  The 
meat  convenient  means  for  effecting  this  is  by  a 
needle  having  an  eye  formed  near  its  point 
This  needle  is  never  jmssed  entirely  through  tho 
fabric,  but  is  pushed  through  it  only  to  a  suffi- 
cient extent  to  carry  a  loop  of  the  thread  to  the 
other  side,  and  is  then  withdrawn.  By  ita  with- 
drawal, the  needle  would  naturally  cany  back  with 
it  the  loop  of  the  thread  it  had  just  introduced ; 
but  it  is  necessary,  in  order  to  produce  a  stitch, 
that  this  loop  should  be  retained  or  secured  on 
the  other  side  of  the  fabric,  either  by  being  in- 
terlooped  with  the  thread  of  the  needle  itself,  or 
with  a  second  thread,  called  a  filling  thread. 

There  is  another  distinguishing  feature  in 
machine-sewing — viz.,  the  mode  by  which  the 
different  lengths  of  stitches  are  obtained.  In 
hand-sewing,  the  needle  is  inserted  at  a  different 
place  for  each  succeeding  stitch,  the  work  itself 
being  held  stationary  ;  but  in  machine-sewing, 
the  needle  constantly  operates  in  the  same 
plane,  whilst  tho  work  is  moved  under  it  step 
by  step  for  every  stitch,  and  each  step  in  ad- 
vance measures  the  length  of  the  stitch.  In  a 
complete  sewing  machine,  three  subordinate  com- 
binations of  mechanism  are  provided  : — First,  a 
Stitch-producing  mechanism,  combined  with  ap- 
pliances for  maintaining  the  necessary  degree  of 
tension  on  the  threads  ;  second,  nipping  or  hold- 
ing surfaces  for  supporting  the  material  against 
the  thrust  and  withdrawal  of  the  needle,  at  tho 
jKirt  where  the  stitch  is  being  formed  ;  third, 
self-acting  and  adjustable  propelling  mechanism 
for  feeding  the  material  along,  step  by  step,  as 
soon  as  each  stitch  is  completed. 

The  sewing  machine,  as  may  be  supposed,  was 
not  at  once  originated  as  a  matured  invention, 
but  was  matured  by  degrees.  The  first  useful 
application  of  machinery  for  stitching  was  made 
for  purpose  of  embroidery.  In  1755,  M.  Wei- 
senthal,  a  German,  produced  embroidery  from  a 
single  thread,  carried  by  a  double-pointed  needle, 
with  an  eyo  in  the  centre,  which  was  pushed 
into  and  drawn  through  the  material  by  nipj>crH 
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<>r  pincers  operating  on  both  sides.  Mr.  Walter 
Hunt,  New  York,  constructed,  iu  1835,  an  im- 
perfect sewing  machine  in  which  he  introduced 
— and  was  the  first  to  introduce — a  stitch,  now 
known  as  the  "  lock-stitch,"  produced  from  two 
continuous  threads,  supplied  direct  from  spools 
or  hohbins,  and  interlocked  within  the  fabric  ; 
but  there  was  no  means  of  applying  tension  to 
the  threads  to  tighten  the  stitches,  and  the 
machine  was  eventually  set  aside  lis  useless. 
Newton  <fc  Arehbold,  in  1841,  patented,  in 
England,  a  machine  for  tamliouring  or  chain- 
stitching  the  hacks  of  gloves, — scarcely  available 
as  a  sewing  machine.  Mr.  .John  Greenough,  of 
the  United  States,  patented,  in  1812,  a  machine 
for  applying  the  M  shoemaker's  stitch"  from  a 
single  thread,  by  the  aid  of  the  double-] minted 
needle  previously  invented  by  Wciscnthal  (tig. 
59).    The  only  relic  of  this  machine  is  the 

Fio.  511. 


Tin  SnoiMiiKii'ii  Stitcji.  f«r  Sewing  Mscliinci; 
by  Mr.  JoUn  (<r«>«nou|{h. 

model  iu  the  Patent  Office  at  Washington. 
Mr.  Leonard  Bnstwick  patented,  in  America  in 
1843,  and  iu  Kngland  in  1814,  a  running- 
stitch  machine,  producing  the  running-stitch, 
as  made  by  band,  by  means  of  a  pair  of  toothed 
wheels  working  together,  to  crimp  or  corrugate 
the  fabric,  which  was  fed  between  them,  and 
pushed  by  their  action  on  to  a  stationary  needle 
(tig.  60).     Machines  of  this  description  are 


Tus  Bvntxjrai  Stitch,  by  Mr.  h.  n  iwk-k. 

largely  used  in  bleach  and  dye  works,  and  in 
the  lace  trade,  for  joining  piece-goods  and  sew- 
ing on  lace  edgings. 

In  181 1,  Messrs.  Fisher  it  Gibbons,  of  Notting 
ham,  patented  two  ingenious  machines  for  em- 
broidering lace  falls  for  ladies'  bonnets  of  which 
the  first  operated  by  means  of  two  loojiers,  each 
supplied  with  continuous  threads,  forming  the 
stitch  now  made  by,  and  known  as  that  of,  the 
G rover  tfc  Baker  Sewing  Machine.  The  second 
machine  successfully  produced  the  lock  or  shuttle 
stitch  by  means  of  needles  and  shuttles,  and 
wanted  little  to  make  it  practicably  available  as 
a  sewing  machine,  though  it  does  not  appear 
that  cither  Fisher  or  Gibbons  contemplated  its 
application  in  this  capacity.  It  has  been  stated, 
■with  Borne  probability  of  truth,  that  the  loop- 
stitch  originated  by  Mr.  Fisher,  the  inventor  of 
the  machine,  was  copied  ami  embodied  in  the 


G  rover  it  Baker  (American)  machine.  Subse- 
quently, after  the  date  of  Howe's  patent,  31  r. 
Fisher  adapted  one  of  his  machines  for  sewing. 

In  1840,  Mr.  Elias  Howe  patented,  in  America, 
the  famous  sewing  machine  known  by  his  name. 
He  produced  a  lock-stitch  by  means  of  a  curved 
needle  having  an  eye  near  the  point  to  carry  the 
upper  thread  attached  to  the  end  of  a  vibrating 
lever,  and  working  in  conjunction  with  a  shuttle 
earn  ing  the  lower  or  filling  thread.  The  needle, 
on  penetrating  the  cloth,  carried  with  it  a  loop 
of  thread,  and  through  this  loop,  before  the 
needle  withdrew,  the  shuttle  was  passed  so  as  to 
leave  its  thread  interlocked  with  the  loop  of  the 
needle-thread.  Tho  needle  then  withdrew  and 
tightened  the  stitch,  the  cloth  was  moved  forward, 
and  the  operations  repeated.  The  tension  for 
the  shuttle-thread  was  obtained  by  passing  it 
through  two  or  more  holes  in  the  shuttle  ;  and 
that  for  the  needle-thread,  by  applying  a  friction- 
strap  to  the  reel.  The  device  first  employ ed  by 
Howe  for  feeding  or  propelling  the  cloth,  con- 
sisted of  a  thin  metal  blade  called  a  "baster- 
plate,"  provided  with  sharp  pins  on  one  edge,  upon 
which  the  cloth  was  adjusted  by  the  operator 
before  being  put  into  the  machine.  This  plate 
was  moved  step  by  step  through  the  machine, 
and  when  its  entire  length  had  been  passed,  it 
was  readjusted  and  supplied  with  a  fresh  length 
or  piece  of  cloth.  This  motion  was  defective 
chiefly  for  want  of  continuity  (fig.  01). 

Fro.  n. 


Eli  is  Howe's  Obigimt.  Pkwixo  Mirnixf.  InTmtcdHLj, 
patent.'  !  IS  Hi. 

The  English  patent-right  of  Howe's  machine 
Was  sold  to  Messrs.  W.  F.  Thomas  &  Co.,  Loudon, 

who  took  out  the  patent  for  England  in  the  end  of 
1840,  This  was  the  first  patent  taken  out  in 
Kngland  for  machines  for  sew  ing  fabrics  irrespec- 
tive of  ornamentation,  ami  was  taken  out  under 
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the  erroneous  impression  that  a  valid  claim  could 
be  made  for  the  use  of  a  needle  and  shuttle,  in 
combination,  for  sewing ;  but  the  patent  had  to 
be  modified  and  in  part  disclaimed,  owing  to  the 
similarity  it  bore  to  the  previous  English  patent 
of  Fisher  A-  Gibbons,  in  which  the  lock-stitch 
was  first  practically  set  forth.  There  is  no  doubt 
that  to  Mr.  Thomas's  original  endeavours  and 
enterprise  is  due  the  introduction  of  the  sewing 
machine  in  England  at  a  time  when  the  in- 
vention was  in  a  nascent  state  and  required 
cherishing.  So  little  was  the  invention  appre- 
ciated in  England,  that,  in  1846,  the  agent  of  the 
inventor  offered  it  without  success  to  many  lead- 
ing manufacturers  and  engineers. 

Mr.  Wickersham  (not  Mr.  Singer,  as  generally 
supposed)  adapted  the  first  really  practical  feed- 
motion  to  the  sewing  machine.  In  1849-50  he 
substituted  for  the  baster-plate  a  wheel  having 
a  roughened  periphery,  combined  with  a  spring 
pressure-plate  or  foot  for  holding  the  cloth  down 
upon  the  periphery,  which  protruded  slightly 
through  the  surface  of  the  table  which  carried  the 
cloth.  An  intermittent  rotatory  motion  in  one 
direction  only,  was  imparted  to  the  wheel,  which 
carried  the  cloth  along  by  frictional  contact  only ; 
hence  this  arrangement  was  called  the  "  friction 
feed."  The  next  important  step  in  the  same  di- 
rection, was  the  introduction  in  1 85 1  of  the  "  four- 
motion  feed,"  another  modification  of  the  "friction 
feed," — invented  by  Mr.  A.  B.  Wilson,  or  by 
Mr.  Johnston,  of  America  :  the  question  of  in- 
vention being  in  course  of  decision  before  a  court 
of  law.  In  the  four- motion  feed,  a  horizontal 
serrated  plate  works  through  an  opening  in 
the  table  of  the  machine,  and  receives  a  to-and- 
fro  horizontal,  as  well  as  a  vertical,  recipro- 
cating motion.  The  cloth  is  held  down  upon 
the  serrated  plate  by  a  spring  presser  foot,  witli 
a  yielding  pressuro  ;  it  is  drawn  along  by  the 
forward  horizontal  motion  of  the  feeder,  and 
on  arriving  at  the  end  of  its  stroke,  tho  feeder 
drops  slightly  below  the  table  so  as  to  release 
its  serrations  from  the  fabric,  and  when  thus 
freed,  it  returns  to  its  original  position  .in 
readiness  for  producing  the  next  traverse  of  the 
cloth.  For  this  purjK>se,  it  rises  vertically  and 
brings  its  serrations  into  contact  again  with  the 
under  surface  of  tho  cloth,  and  then  moves  hori- 
zontally forward  as  before,  carrying  thecloth  along 
with  it.  The  four-motion  feed  was  first  applied,  in 
England,  to  the  Grover  <fc  Baker  machine,  and 
it  is  no  doubt  the  most  important  improvement 
that  has  been  introduced  into  the  sewing  machine. 
It  affords  advantages  not  obtained  with  the 
wheel-feed,  although  the  latter  is  extensively  em- 
ployed, and  answers  sufficiently  well  for  heavy 
manufacturing  purposes,  without  the  intricacies 
of  ornamental  stitching.  Where  seams  in  minute 
convolutions  and  shaq>  curves  are  to  be  stitched, 
the  "  four-motion  feed,"  operating  either  on  the 
upper  or  the  under  surface  of  the  material,  is  pre- 
ferable,— giving  greater  freedom  for  guiding  the 
material  by  the  hand  of  the  operator  than  any 


other  feeding  mechanism.  In  the  "  wheel-feed," 
the  needle  operates  on  one  side  of  the  feeding  sur- 
face ;  but  in  the  four-motion  or  serrated  plate- 
feed,  facility  is  afforded  for  operating  the  needle 
in  the  centre  line  of  the  feeding  surface. 

There  are,  then,  three  principal  classes  of 
sewing  machines  in  common  use  :  — the  lock- 

Fio.  82. 
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Tub  Lock  Stitch,  with  two  threat?*. 

stitch  machine,  with  two  threads  (fig.  (52) ;  the 
double  chain  stitch  machine,  with  two  threads 
(fig.  fi:i) ;  and  the  single  chain-stitch  machine, 


Fio».  n. 


Tin  Docble-chais  8Tiicn,  wilh  two  threadi. 


with  a  single  thread  (fig.  G4).  The  lock-stitch, 
when  first  iuvented,  was  made  with  the  use  of 
a  shuttle,  and  hence  acquired  the  name  of  the 


Fio.  04. 


Single  Loor  oi  Cmix  Stitch,  ihown  loo«c. 


shuttle-stitch.  The  chain-stitch  is  known  also 
as  the  tambour  stitch  or  the  looping  stitch.  In 
the  following  notice  of  the  sewing  machines  ex- 
hibited, it  will  be  convenient  to  associate  the 
English  and  American  machines  together,  and 
to  notice  the  continental  machines  by  them- 
selves. 


CHAPTER  II. 

SHUTTLE  OR  LOCK-STITCH  SEWING  MACHINES. 

The  Howe  Sewing  Machine  Company,  U.S., 
exhibited  some  excellent  examples  of  lock-stitch 
machines  adapted  for  family  use  and  for  boot 
and  shoo  work.  They  are  unsurjmssed  in  point  of 
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workmanship  and  finish.  The  platform  or  flat 
table  machine*  for  family  use,  mantle-making, 
and  light  leather  work,  are  provided  with  a 
simple  arrangement  for  holding  the  needle  to  one 
side  of  the  shuttle-race,  bo  as  to  be  entirely  out 
of  the  way  of  the  point  of  the  shuttle,  thereby 
avoiding  the  breaking  of  the  needles,  which  some- 
times occurs  through  the  point  of  the  shuttle 
sticking  against  them  in  passing.  In  most 
shuttle  machines,  the  shuttle  is  apt  occasionally 
to  miss  the  loop  of  the  needle-thread,  and  thus 
a  false  stitch  is  produced, — the  integrity  of  the 
stitching  depending  upon  the  due  pussiug  of  the 
shuttle  through  the  loop  of  the  needle-thread.  In 
shuttle  machines,  the  needle,  after  passing  through 
the  material,  is  caused  to  be  withdrawn  slightly 
for  the  purposo  of  opening  the  loop  which  it  has 
carried  with  it  sufficiently  to  allow  the  jwint 
of  the  shuttle  to  enter  and  pass  through  ;  and  in 
order  that  the  loop  may  be  caught  with  certainty, 
it  is  requisite  that  the  shuttle,  which  is  made 
Hat  on  the  side  next  the  needle,  should  pass  close 
against  the  needle.  In  Howe's  machine,  as  now 
constructed,  the  vertical  needle-slide  or  carrier  is 
made  adjustable  laterally,  so  that  the  needle, 
whether  coarse  or  flue,  can  always  be  brought  to 
work  close  against  the  flat  side  of  the  shuttle. 
In  his  "cylinder  machine,"  intended  for  boot- 
closing  and  for  stitching  tubular  articles,  the 


Fig.  83 


Sbwixo  Macbihi,  by  thr  Howe  Sening  Machine  Company 


shuttle  does  not  pass  through  the  loop  whilst  the 
needle  remains  in  the  material,  as  in  other 
shuttle  machines,  but  after  the  needle  has  entirely 
withdrawn  from  the  material.  This  simple  dif- 
ference in  the  oj>cration  of  the  machine  produces 
a  vast  improvement  in  the  apjiearance  of  the 
stitching ;  it  is  much  closer  and  more  regular 
than  lock-stitching  produced  in  the  usual  way. 
The  needle  employed  for  stitching  leather  articles 
is  generally  made  three-sided  or  awl -jwinted. 
The  wheel-feed  is  used  in  both  these  machines 
for  propelling  the  material  (fig,  63). 

Messrs.  I.  M.  Singer  &  Co.  exhibited  some 


good  shuttle  machines.  Mr.  Singer  was  one  of 
the  first  to  introduce  the  straight  needle  carried 
by  a  slide  in  lieu  of  attaching  the  needle  direct 
to  the  vibrating  lever  or  needle-arm,  which 
required  the  use  of  a  curved  needle.  A  straight 
needle  is  the  strongest  and  best  form,  as  the 
curved  needle  is  more  liable  to  spring  and 
break  when  it  meets  with  any  extra  resistance 
in  passing  through  the  material.  In  these 
machines,  the  needle-slide  is  driven  by  a  crank- 
pin  working  in  a  differential  slot  on  the  back 
of  the  slide  in  place  of  by  a  vibrating  lever  ;  and 
a  second  shaft,  working  in  the  fixed  bracket  or 
arm  of  the  machine,  carries  the  crank -pin  on 
its  front  extremity.  Another  of  the  leading 
features  of  Mr.  Singers  machine  is  the  means  for 
taking  up  the  slack  of  the  needle-thread  and 
tightening  the  stitch.  This  is  accomplished  by 
means  of  a  spring  arm,  through  an  eye  in  which 
the  needle-thread  passes  on  its  way  to  the  needle. 
The  tendency  of  the  arm  is  to  remain  elevated, 
in  which  position  it  exerts  a  certain  amount  of 
tension  or  pull  upon  the  thread  sufficient  to 
draw  up  and  tighten  the  stitch.  As  the  needle- 
carrier  descends,  it  depresses  this  arm  and  allows 
the  thread  to  follow  the  needle  whilst  entering 
the  material.  The  wheel-feed  is  used  in  most 
of  the  Singer  machines,  although  some  of  them 
are  now  provided  with  the  "four- motion  feed." 

These  machines  arc  admir- 
ably adapted  for  manufac- 
turing purjioses  and  leather 
work,  in  which  branches  of 
manufacture  they  are  now 
extensively  used. 

Messrs.  W.  F.  Thomas  tfc 
Co.  had  a  large  assortment 
of  different-sized  shuttle  ma- 
chines, from  the  tiny  stitcher 
of  Dollars  to  the  more  im- 
portant-looking tailoring  ma- 
chine. The  Thomas  machine 
is  well  Suited  for  the  manu- 
factory, and  is  very  exten- 
sively employed  in  all  the 
Government  clothing  esta- 
blishments, besides  uiauy 
others.  A  straight  needle  is 
used,  carried  by  a  slide  ac- 
tuated by  a  vibrating  lever 
which  derives  its  motion  from 
a  cam-irroove  in  a  solid  fly-wheel.    This  wheel 

O  •  mm* 

contains  also  the  two  cam -surfaces  for  driving 
the  shuttle  and  for  actuating  the  cloth  -pro- 
pelling mechanism  of  the  top  four -motion 
variety.  The  thread  from  the  bobbin  jwsses 
through  an  eye  in  the  end  of  a  short  adjustable 
arm,  and  thence  to  an  eye  in  the  extremity  of 
an  auxiliary  lever  which  is  elevated  by  a  pin 
in  the  needle-slide,  and  consequently  takes  up 
the  slack  of  the  thread  and  tightens  the  stitch. 
The  object  of  this  adjustable  arm  is  to  regulate 
the  quantity  of  thread  which  is  drawn  from  off 
the  bobbin  "at  each  stitch,  in  accordance  with  the 
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thickness  of  the  material  operated  upon,  and  the 
length  of  stitch  produced.  For  this  purpose, 
the  arm  is  raised  or  lowered  slightly,  when  the 
variation  produced  in  the  angle  or  direction  of 
the  thread,  causes  more  or  less  thread  to  be  drawn 
off  the  bobbin  at  each  rise  of  the  auxiliary  lever. 
This  is  a  very  simple  and  ingenious  contrivance 
for  the  puq>ose.  The  Howe  sewiug  machine  has 
been  considerably  modified  by  Mr.  Thomas.  The 
curved  needle  has  been  replaced  by  a  straight 
one.  The  shuttle  is  worked  by  a  forked  driver 
in  lieu  of  l>eing  simply  impelled  by  a  blow  from 


Fig.  CO. 


8iwisg  Machik*.  by  Mc««ri.  W.  F.  ThomM  tc  Co. 


a  picker.  The  baster-plate  has  been  abandoned 
for  the  top  four-motion  feed,  and  the  general  ar- 
rangement of  the  moving  parts  has  undergone  a 
complete  transformation,  the  essential  features  of 
Howe's  invention  being  nevertheless  retained 
(fig.  GG). 

Messrs.  Guinness  «fc  Co.  exhibit  a  simple  and 
well-made  shuttle  machine,  which  works  equally 
well  whichever  way  it  is  driven,  the  work  being 
fed  either  towards  or  from  the  operator  at  will. 
In  some  cases,  as,  for  example,  when  a  zigzag 
line  of  stitches  is  to  be  produced,  or  sharp  angles 
turned,  this  property  will  be  found  advantageous. 
There  is  another  advantage  in  the  facility  afforded 
for  securing  the  seam  effectually  at  any  part, — 
by  making  a  stitch  or  two  in  the  reverse  direc- 
tion.   In  this  machine,  all  cams  are  dis)>ensed 
with,  and  replaced  by  revolving  crank-pins.  The 
needle  is  straight  and  is  fitted  to  a  needle-arm 
direct,  but  this  arm,  in  place  of  oscillating  on  a 
fixed  centre  and  describing  an  arc  of  a  circle, 
slides  vertically  in  guides  within  the  rear  portion  ' 
of  the  usual  fixed  bracket    A  link  connects  the  j 
rear  end  of  the  needle-arm  with  a  crank-pin  on  j 
the  end  of  the  driving-shaft,  which  works  in  I 
bearings  immediately  under  the  table  or  cloth- 


plate.  The  advantages  of  the  straight  needle  are 
thus  obtained  without  the  disadvantages  gene- 
rally attendant  on  it, — of  the  oil  employed  to 
lubricate  the  needle-slide  running  occasionally 
down  the  needle  itself  and  dropping  on  to  and 
soiling  the  work, — for  the  lubricated  parts  of  the 
slide  are  entirely  out  of  the  way  of  the  work  at 
the  back  part  of  the  machine.  An  ingenious 
and  simple  modification  of  the  under  four-motion 
feed  is  employed,  consisting  of  a  vertical  bar 
having  a  slot  formed  longitudinally  therein,  and 
through  which  a  vertically  adjustable  fulcrum  or 
stud-pin  is  ]xassed.  The  upper  surface  of  the  bar 
which  acts  ujwn  the  fabric  is  made  smooth  when 
delicate  materials  are  to  be  stitched,  as  it  is  said 
that  a  serrated  surfaco  is  likely  to  injure  the 
fabric,  whilst  with  a  smooth  surface  sufficient 
friction  is  obtained  between  the  pressure-foot 
and  the  feeding  surface,  to  give  the  necessary  pro- 
pulsion to  the  fabric  without  injuring  it  in  any 
way.  The  lower  end  of  the  vertical-slotted 
feeding-bar  is  connected  directly  to  a  crank-pin 
of  small  throw,  on  the  extreme  front  end  of  the 
driving-spindle.  The  throw  of  this  crank-pin  is 
invariable  ;  but,  by  altering  the  distance  between 
the  crank-pin  and  the  fulcrum  on  which  the  bar 
vibrates,  the  lateral  throw  of  the  upper  end  of 
the  feeding-bar,  and  consequently  the  length  of  the 
stitch,  can  be  varied  to  any  desired  extent  The 
vertical  or  rising-nnd-talling  motion  of  the  feeder, 
is  obtained  direct  from  the  crank-pin,  and  is  equal 
to  the  throw  of  the  crank.  The  nose  or  point  of 
the  shuttle  is  situated  above  its  longitudinal  axis, 
and  close  under  the  cloth-plate:  consequently  the 
vertical  travel  of  the  needle  may  be  reduced ;  for, 
so  long  as  the  eye  of  tho  needle  iiasses  below  the 
point  of  the  shuttle,  the  loop  will  be  caught  and 
expanded  sufficiently  for  tho  shuttle  to  pass 
through.  This  construction  of  shuttlo  facilitates 
the  use  of  shuttles  of  various  sizes  in  the  same 
machine,  without  varying  the  stroke  of  the  needle, 
provided  the  points  of  the  different  shuttles  are 
situated  at  the  same  level  below  the  cloth-plate. 
In  lieu  of  the  usual  shuttle-race  or  groove  for 
tho  shuttle  to  run  in,  a  shuttle-holder  or  carriage 
is  employed,  which  carries  the  shuttle  and  travels 
to  and  fro  along  a  horizontal  guiding  spindle. 
This  shuttle-holder  or  carrier  is  connected  by  a 
short  link  with  a  crank-pin  near  the  front  end 
of  the  driving-spindle.  As  all  the  three  crank- 
pins  for  working  the  needle,  the  shuttle,  and  tho 
feed,  respectively,  are  disposed  so  as  to  be  on 
their  dead  centres  at  the  same  time,  it  matters 
not  in  which  direction  they  are  rotated,  the  only 
change  of  motion  being  in  the  feeding- bar.  A 
great  variety  of  ornamental  or  fancy  stitches  may 
be  produced  in  this  machine  from  three  threads, 
by  using  two  parallel  needles  placed  side  by  side 
in  the  line  of  the  seam  and  carried  by  tho  same 
needle-bar,  and  by  varying  the  length  of  stitch 
so  as  to  cause  it  to  be  greater  or  less  than  the 
distance  between  the  needles,  or  by  changing  the 
direction  of  the  feed.  The  slack  of  the  needle- 
thread  is  taken  up  and  tho  Btitches  tightened  by 
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small  auxiliary  lever-arms  actuated  by  the  needle- 
slide  itself. 

Messrs.  M'Kenzie  &  Co.,  Glasgow,  exhibit 
some  well-made  shuttle-machines  for  manufactur- 
ing purposes,  in  which  a  crank-motion  is  used 
for  driving  the  shuttles.  The  substitution  of 
cranks  for  cams,  where  practicable,  in  sewing 
machines,  is  a  step  in  the  right  direction,  and 
several  makers  now  avail  themselves  of  this 
method  of  obtaining  the  movements  required. 
The  throw  of  a  crank  never  varies,  but  the  mo- 
tion derived  from  a  cam  i8  materially  deranged 
by  a  little  wear  on  the  enm-surfaces,  and,  the 
moving  parts  no  longer  keeping  time  with  each 
other,  the  machine  liecomes  useless.  Messrs. 
M'Kenzie  <fc  Co.'s  machines  are  provided  with 
straight  needles,  and  the  under  four-motion  feed, 
which  is  arranged  to  feed  in  two  different  direc- 
tions at  right  angles  to  each  other,  by  a  very 
simple  adjustment  of  the  feeding  mechanism. 
The  8crew  which  regulates  the  length  of  the 
stitch,  is  more  easily  got  at  than  in  most  other 
machines ;  it  is  placed  upon  the  surface  of,  and 
not  underneath,  the  cloth-plate. 

Messrs.  R.  E.  Simpson  &  Co.,  Glasgow,  ex- 
hibited several  shuttle  machines  for  manufactur- 
ing purposes  and  family  use,  in  which  cranks  are 
employed  entirely  in  substitution  for  cams. 
The  needle  is  straight,  and  the  feed  is  the 
under  four-motion  variety,  the  rising  and 
falling  motion  of  the  serrated  bar  being 
derived  from  an  incline  on  the  shuttle- 
driver.  A  duplex  feed,  somewhat  similar 
to,  but  not  so  convenient  as,  M'Kenzie's, 
is  fitted  to  the  cylinder  or  tube  machines. 
Their  Davenport  machine  is  intended  to 
meet  the  requirements  of  the  boudoir, 
being  enclosed  in  a  ladies'  writing-desk, 
which  is  thus  made  to  serve  the  double 
purpose  of  a  sewing-machine  case,  and  a 
useful  article  of  furniture. 

Messrs.  Bradbury  &  Co.,  Oldham,  exhibited 
M'Crossan's  "  Empire"  sewing  machine,  in 
which  cams  are  entirely  dis|>ensed  with,  an  inge- 
nious arrangement  of  cranks  being  employed  for  j 
giving  a  differential  motion  to  a  straight  needle. 
On  one  end  of  a  short  driving-spindle  is  fitted 
a  disc,  provided  with  a  crunk -pin,  and  this  pin  is 
coupled  by  a  short  link  to  a  second  crank-pin  in 
a  disc  ou  the  near  end  of  a  spindle,  the  axial  line 
of  which  is  slightly  eccentric  to  the  first  motion- 
sliaft.  To  the  front  end  of  this  last-mentioned 
spindle  another  disc  and  crank-pin  are  fitted, 
which  transmit  an  ujHind-down  motion  by  means 
of  a  connecting  rod  to  tho  vertical  needle-slide. 
An  alternately  quick  and  slow  motion  is  thus  im- 
parted to  the  needle,  the  rising  of  the  needle 
being  performed  more  rapidly  than  its  descent, 
and  when  at  its  lowest  position,  it  makes  a  pause 
or  dwell,  to  allow  the  shuttle  time  to  enter  and 
pass  through  the  loop  of  the  needle-thread. 


CHAPTER  III. 

LOCK-STITCH  MATH  INKS  WITHOUT  THE  8HLTTLE. 

A  class  of  lock-stitch  machines  was  exhibited, 
producing  identically  the  same  stitch  as  the 
shuttle  macliine,  by  means  of  a  rotating  hook, 
carrying  the  bobbin  for  the  under  thread,  in  lien 
of  a  travelling  shuttle. 

Messrs.  Wheeler  «fc  Wilson's  lock-stitch  ma- 
chines attracted  general  notice  for  their  beauty  of 
finish,  and  for  their  easy,  rapid,  and  silent  manner 
of  working.  There  is  probably  no  lock-stitch 
macliine  equal  to  Wheeler  it  Wilson's  for 
family  use,  or  for  comparatively  light  manufac- 
turing purjMjses,  such  as  dress  and  mantle 
making.  The  lower  bobbin  is  almost  a  fac-simile 
of  the  bobbin  long  used  in  lace-making  machines, 
the  thread  being  wound  upon  an  axis  between 
two  thin  metal  discs  of  about  one  inch  in  diameter. 
It  is  fitted  loosely  inside  a  recess  in  the  front  of 
a  rotating  circular  hook  fast  on  the  front  end  of 
the  driving -spindle,  which  works  immediately 
beneath  the  table  or  cloth-plate  of  the  machine. 
An  adjustable  ring-shaped  holder  or  bracket 
serves  to  retain  the  bobbin,  whilst  it  allows  it 
sufficient  play  in  its  recess  to  admit  of  the  loop 


FiG!>.  67. 


Botatiho  Hook  of  Mnm,  Wheeler  ft  WiUon't  Sewing  M*chio#. 

of  the  needle-thread  passing  freely  between  the 
lmbbiii  and  its  supporting  surface  (figs.  G7).  The 
needle,  which  has  an  eye  near  the  point,  is  at- 
tached directly  to  the  end  of  a  vibrating  lever 
actuated  by  an  eccentric  on  the  driving-spindle  ; 
and  it  is  curved  to  conform  to  the  are  descril>ed 
by  the  end  of  the  lever.  The  tension  for  the 
needle-thread  is  obtained  by  passing  the  thread 
once  round  the  j>eriphery  of  a  small  grooved 
pulley,  which  turns  loosely  on  a  fixed  stud-centre, 
and  is  pressed  against  by  a  spring  and  adjusting 
nut  The  under  "  four-motion  f "ml "  is  adapted 
to  these  machines.  In  the  operation  of  sewing, 
the  loops  of  the  needle-thread  are  caught  and 
extended  by  the  revolving  hook,  and  passed 
under  the  bobbin  so  as  to  interlock  the  two 
threads;  the  loops  are  retained  by  a  "loop- 
check"  until  the  loop  of  the  succeeding  stitch 
is  being  extended,  which  has  the  effect  of  draw- 
ing up  and  tightening  the  previous  loop  just 
cast  off.  Only  one  Bpecial  tension  apparatus  us 
required,  namely,  that  for  the  needle-thread, 
then  being  no  need  of  tension  for  the  under 
thread,  as  a  sufficient  strain  is  maintained  upon 
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it  by  the  tendency  of  the  bobbin  to  rotate  with 
the  hook.  The  saving  of  a  tensional  apparatus 
for  the  lower  thread  Is  a  material  advantage  in 
favour  of  this  machine,  as  it  leaves  but  one  to 
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look  after, — on  the  upjier  thread.  The  art  of 
properly  regulating  the  tensional  apparatus  in 
all  sewing  machines,  is  the  most  difficult  lesson 
to  be  learned  by  the  operator  (figs.  08,  09). 


Mr.  H.  Ferrabee,  London,  exhibited  the  u  Bri- 
tish Sewing  Machine,"  wliich  resembles,  in  some 
respects,  Messrs.  Wheeler  «fc  Wilson's  lock-stitch 
machine,  liaving  the  stationary  bobbin  and  the 

revolving  hook.  The  hook 
is  of  a  much  moro  simple 
construction  than  the 
other,  and  it  operates  in  a 
slightly  different  manner. 
An  upright  rocking  lever, 
linked  at  its  lower  end  to 
the  bed-plate,  is  rocked  by 
a  crank-pin  on  the  driving- 
shaft,  working  in  the  centre 
of  the  lever.  A  hook  at 
the  upper  end  of  the  lever 
travels,  in  virtue  of  the 
motion  so  communicated 
to  the  lever,  in  an  ellipti- 
cal path  round  the  shuttle, 
and  carries  with  it  the 
loop  of  the  needle-thread, 
which  it  casts  off  before 
completing  its  circuit 
Mr.  S.  C.  Salisbury, 
London,  exhibited  some  well-made  hick -stitch 
machines  curiously  constructed.  In  one  of  these 
machines,  the  filling  thread  is  contained  in  a 
thread-case  of  a  sufficient  size  to  receive  an 
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ordinary  reel  or  cotton  bobbin,  and  consequently 
the  trouble  of  spooling  or  tilling  the  shuttle 
attendant  upon  all  other  lock-stitch  machines 
is  here  obviated.  A  small  hook  on  the  end 
of  this  thread-case  serves  to  catch  the  loop  of 
the  needle-thread,  and  expand  it  sufficiently  for 
the  thread-case  to  pass  easily  through  it.  For  this 
purpose,  a  partial  rotatory,  as  well  asa  longitudinal 
reciprocating  motion,  is  imparted  to  the  thread- 
case.  The  stitch  produced  U  the  variety  of  lock- 
stitch kuown  as  "  knot-stitch,"  the  loop  of  the 


needle-thread  receiving  a  "kink"  or  twist  before 
being  interlocked  with  the  filling-thread.  Tho 
needle  employed  is  the  ordinary  sewing-machino 
needle,  and  the  cloth  is  propelled  by  a  top  four- 
motion  feed,  in  which  a  positive  lift  and  throw 
is  given  by  separate  cams  for  that  purpose. 

There  remain  to  be  noticed  the  chain-stitch 
sewing  machines,  which  may  l»e  described  gene- 
rally as  looping  machines,  since  they  produce 
their  stitches  by  interlooping  a  single  thread  with 
itself  or  with  a  second  thread.  The  second  thread, 
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when  used,  is  also  interlooped  with  the  first, 
whilst,  in  the  lock-stitch,  the  second  thread  is 
passed  singly  through  each  loop  of  the  needle- 
thread.  The  stitches  of  all  looping  machines  nre 
capable  of  being  unravelled  if  the  proper  end 
of  the  thread  be  drawn  upon. 


CHAPTER  IV. 

SINGLE-THREAD  CUAIX-STrTClI  SEWING  MACHINES. 

The  single-thread  looping  machine  was  in-  j 
vented  upwards  of  twelve  years  ago  by  Mr.  j 
Morey,  of  the  United  States,  and  uppears  to 
have  been  subsequently  re-invented,  in  1857, 
by  .Mr.  (Jibbs,  a  farmer  of  Millpoint,  amongst 
the  mountains  of  Virginia,  who  had  never  seen 
a  sewing  machine  before.  Mr.  James  Wilcox  j 
added  several  improvements,  which,  combined 
with  Mr.  CJibWs  ideas,  have  resulted  in  one  of 
the  simplest,  fastest,  and  least  noisy  sewing 
machines.  It  is  therefore  particularly  suited 
to  family  use.  The  stitch  produced  in  this 
machine  is  a  twisted  chain  or  tambour  stitch, 
which  is  said  to  l>e  more  secure  than  tho  com- 
mon chain-stiteh.  In  the  ordinary  chain-stitch,  I 
the  needle  carries  a  loop  of  thread  through  the 
fabric,  which  is  retained  until  the  succeeding 
loop  is  formed, — this  second  loop  being  passed 
through  the  fabric  and  through  the  preceding 
loop,  aud  so  on.  But  in  the  twisted  chain-stitch, 
the  first  loop,  when  formed,  receives  a  half  turn 
or  twist  before  tho  second  loop  is  brought  through 
it  As  the  stability  of  a  scam  depends  entirely  upon 
the  amount  of  friction  or  bind  which  the  thread 
has  upon  itself  and  upon  the  fabric,  it  follows  that 
the  more  closely  the  loops  of  thread  are  interwound 
or  looked  with  eacli  other,  and  with  the  fabric, 
by  twisting  or  otherwise,  the  more  secure  is  the 
seam  against  the  ripping  asunder  of  the  parts 
united  But  the  single-thread  stitch  is  liable  to  j 
bo  unravelled:  that  is  to  say,  if  the  proper  end 
of  the  thread  be  first  discovered  and  unfastened, 
tho  stitches  can  be  pulled  out  with  the  greatest 
ease,  and  consequently  a  great  objection  has 
always  l>een  raised  to  single-thread  chain-stitch 
machines.  The  seam,  nevertheless,  if  j>erfectly 
made — that  is  to  say,  without  a  false  or  slipped 
stitch, — will  auswer  sufficiently  well  for  ordinary  ! 
family  purposes.  Indeed,  in  family  sewing  ma- 
chines,  tho  capability  of  unravelling  a  seam  when  j 
desired  is  rather  an  advantage  than  otherwise, 
for  work  sometimes  requires  to  be  unpicked. 
The  stitch-forming  instruments  in  Messrs.  Wil- 
cox (fe  Gibbs's  machine,  are  a  straight  eye-pointed 
needle  and  a  revolving  hooked  looper.  The  cloth 
is  propelled  by  an  uuder  four-motion  feed  in 
conjunction  with  a  spring  pressure-foot.  The 
tension  for  the  thread  is  obtained  by  nipping  it, 
more  or  less,  between  two  glass  discs  as  it  passes  j 
oir  from  the  l>obbiu.  The  hooked  looper  is  the 
leading  feature  of  the  machine ;  it  consists  of 


two  hooks  united  back  to  back,  with  their  points 
in  opposite  directions,  and  a  projecting  arm  orspur, 
the  axis  of  rotation  being  at  the  junction  of  the 
"spur"  with  tho  Btem  of  the  double  hook.  This 
loojier  is  carried  on  the  front  end  of  the  driving- 
spindle,  and  rotates  constantly,  in  one  direction, 
immediately  beneath  the  table  or  cloth-plate  of 
the  machine.  The  needle  is  fixed  in  a  vertical 
slide  actuated  by  a  lever  which  receives  a  ver- 
tical reciprocating  motion  from  an  eccentric  on  the 
driving-spindle.  The  front  end  of  the  driving- 
spindle  is  provided  with  a  crank-pin  which  ro- 
tates in  a  slot  in  the  feeding-bar,  and  imparts  not 
only  the  vertical  movements  to  it,  but  also  a 
horizontal  motion.  In  producing  the  stitch,  tho 
needle  first  carries  a  loop  down  through  the 
fabric  ;  this  loop  is  caught  and  extended  by  the 
front  point  of  the  rotating  looper,  and  receives  a 
half  twist  by  the  action  of  the  spur,  which  causes 
the  back  portion  of  the  loop  to  be  brought  to  the 
front,  and  rice  versa.  By  the  time  the  loop  has 
received  the  twist,  the  needle  hits  been  with- 
drawn, and  the  cloth  advanced  one  stitch,  when 
the  needle  again  descends,  and  the  point  of  the 
hook  takes  the  second  loop  aud  draws  it  through 
the  preceding  one,  which  has  in  the  meantime 
been  twisted  and  slipped  into  the  thread  of  the 
rear  hook,  from  which  it  is  finally  cast  off  and 
drawn  up  to  the  under  surface  of  the  fabric. 
The  tightening  and  drawing  up  of  each  stitch 
is  effected  by  the  extension  of  the  succeeding 
loop,  and  the  onward  movement  of  the  fabric 
combined.  By  employing  a  second  or  reverse 
hook  to  receive  the  loop  after  it  has  l»eeu  cast  off 
from  tho  front  hook,  and  before  it  is  finally 
drawn  up  to  tho  fabric,  tho  tendency  to  kinking 
or  entanglement  of  the  loop  as  it  is  being  tight- 
ened is  obviated,  since  it  is  not  finally  released 
until  it  IS  almost  entirely  drawn  up. 

Mr.  Bigelow,  United  States,  exhibited  two 
excellent  machines,  the  invention  of  Mr.  U.  K. 
Blake,  for  heavy  leather-stitching,  —  as,  for  ex- 
ample, stitchiug  the  soles  on  to  the  upjwrs  of 
boots  and  shoes,  and  making  harness.  In 
heavy  leather  work,  a  waxed  thread  is  re- 
quired, aud  hence  leather-stitching  machines  are 
generally  known  as  "waxed-thread  machines." 
The  stitch  employed  is  usually  the  chain-stitch, 
which  is  produced  in  the  same  manner  as  ladies' 
crochet  work,  by  passing  a  hook  through  the 
material,  placing  the  thread  in  the  throat  of 
tho  hook,  and  aiming  a  loop  of  the  thread 
through  the  material  in  withdrawing  the  hook, 
the  loop  beiug  also  drawn  through  the  previously 
formed  loop  so  as  to  interchain  the  several  loops 
one  with  another.  In  Blake's  machine,  the 
boot  or  shoe,  having  the  outer  sole  tacked  into 
its  place,  is  fitted  on  to  the  end  of  a  "  horn"  or 
fixed  arm  rising  at  a  slight  angle  from  the  bed- 
plate. The  extremity  of  this  horn  is  sufficiently 
reduced  to  enter  the  most  confined  parts  of  the 
interior  of  the  shoe  between  the  edge  of  the 
inner  sole  and  the  uppers.  A  thread  carrier  or 
"whirl,"  having  a  circular  reciprocating  motion, 
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is  contained  within  the  small  end  of  the  "  horn," 
the  waxed  thread  being  paused  through  a  hole 
made  eccentrically  t«  the  vertical  axis  of  rotation 
of  the  "  whirl."  The  hook,  on  descending,  enters 
an  ojHjning  made  in  the  centre  of  the  "whirl," 
and  the  latter,  as  it  rotates,  passes  the  thread 
round  the  stem  of  the  hook,  causing  it  to  enter 
the  throat  of  the  hook,  when  it  is  caught  and 
drawn  up  through  the  thicknesses  of  leather  to 
be  stitched.  The  shoe  is  traversed  by  a  species 
of  top  four-motion  feed,  consisting  of  a  pointed 
finger  instead  of  the  usual  serrated  plate,  and 
this  finger  may  bo  guided  by  hand  to  propel  tho 
Bhoe  in  the  desired  course  corresponding  to  the 
contour  of  the  sole. 

In  the  second  machine,  tho  feeder  acts  always  . 
in  the  same  direction,  and  the  shoe  is  carried  on 
a  rotating  "  horn,"  so  that  it  may  be  guided  by  , 
the  operator  in  tho  direction  desired.  Machines 
of  this  kind  arc  employed  in  making  boots  and 
shoes  for  the  Federal  armies,  and  are  each  j 
capable  of  stitching  150  pain*  a  day. 


CHAPTER  V. 

DOUBLE-THREAD  CITAIX-STITCII  SEWING  MACHINES. 

Messrs.  Newton  Wilson  <k  Co.  exhibited  soxue 
well-made  double-thread  chain-stitch  sewing  ma- 
chines, and  a  few  shuttle  machines  of  a  novel 
construction,  contributed  from  the  Grover  «fc 
Baker  Sewing  Machine  Company's  establish- 
ment at  Boston,  U.S. 

The  Grover  <fc  Baker  looping  or  double-thread 
chain-stitch  machine  was  introduced  into  England 
in  18/52;  since  that  time,  it  has  been  consider- 
ably improved  aud  modified.  In  the  heavier 
machine  made  for  manufacturing  puq>oses,  a 
straight  needle  is  used,  the  slido  or  earner  of 
which  is  actuated  by  a  vibrating  bell-crank 
lever  driven  by  a  cam  underneath  the  table 
or  cloth-plate.  In  tho  lighter  descriptions,  tho 
needle-slide  is  dispensed  with,  the  needle  being 
curved  and  attached  direct  to  the  end  of  the 
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vibrating  needle-lever.  This  lever  is  shaped 
thus,  3  :  one  limb  vibrating  above  and  the  other 
beneath  the  table  on  a  fulcrum  at  the  bend.  Tho 
lower  limb  has  a  slotted  steel  plate  fitted  to  its 
front  end,  which  has  a  reciprocating  vertical 
motion  along  a  spiral  stem  carrying  a  curviliuear- 
loopcr  shaped  somewhat  similar  to  a  ram's  horn, 
and  oj>erating  with  a  circular  reciprocating 
motion  in  a  horizontal  plane  immediately  beneath 
the  cloth-plate.  This  looper  has  an  eye  near  its 
point  and  a  second  eye  at  the  heel  of  the  bend, 
the  portion  between  the  two  eyes  being  grooved 
to  receive  the  under  thread  supplied  from  a  sj>ool 
placed  under  the  machine.  In  some  cases,  as  in 
the  heavier  machines,  the  looj>er  is  actuated  by 
a  segmental  rack  gearing  into  a  pinion  on  the 
vertical  axis  of  the  looper.  The  family  machines 
are  driven  by  a  crank  on  one  end  of  a  short 
driving-shaft,  the  crank-pin  working  in  a  slot  in 
the  front  end  of  the  lower  limb  of  tho  needle- 


lever.  The  needle  is  supplied  with  thread  from 
a  bobbin  on  the  top  of  the  machine,  in  the  usual 
manner,  whilst  the  thread  for  the  looper  is 
passed  first  through  tho  eye  at  the  heel  of  the 
bend,  and  then  through  the  eye  near  its  point, 
the  thread  lying  in  the  groove  in  the  periphery 
of  the  looper  Intweeu  the  two  eyes.  The 
cloth  is  propelled  by  the  under  four-motion  feed 
(fig.  70). 

The  needle  first  carries  a  loop  of  its  thread 
through  the  fabric  and  through  a  loop  of  the 
under  thread,  which  is  presented  to  it  by  the 
looper.  The  curvilinear  shape  of  this  instrument, 
and  tho  fact  of  its  thread  being  carried  on  its 
periphery,  cusure  the  presentation  of  the  under- 
thread  in  the  form  of  an  open  or  expanded  loop 
to  the  needle,  which  always  passes  inside  of 
or  within  the  bend  of  the  looper.  As  the  needle 
descends,  the  looper  recedes  in  a  circular  direc- 
tion, and  by  the  time  the  needle  has  completed 
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its  downward  stroke,  the  loo|>er  has  left  a  loop 
of  its  thread  round  the  stem  of  the  needle  so  as 
to  encircle  the  loop  of  the  needle-thread  ;  as  the 
needle  ascends,  and  before  its  eye  has  passed 
above  the  point  of  the  looper,  the  latter  returns, 
and  the  loop  of  the  needle-thread  having  been 


Fios.  n. 
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of  the  under-thread  which  Mas  jiassed  through 
the  preceding  loop  of  the  needle-thread,  aud  so 
on,  the  two  threads  being  iuterlooped  but  not  in- 
terlocked with  each  other. 

This  stitch  is  suitable  either  for  ordinary  sewing 
or  for  embroidering,  as,  for  example,  where  a  braid- 
ing effect  is  desired.  In  this  case,  it  is  necessary 
to  use  a  thicker  under-thread,  when  a  raised 
cord  or  braid  will  be  produced  on  one  side 
of  the  work,  whilst  the  other  side  presents 
the  appearance  of  ordinary  stitchiug.  The 
varied  display  of  well-executed  stitchiug 
and  embroidery  produced  on  the  Grover  <fc 
Baker  machine,  in  the  Process  Court  of 
the  Exhibition,  reflected  great  credit  on  the 
fair  machinist,  Mrs.  Rogers,  of  California, 
who  is  said  to  be  one  of  the  cleverest  ex- 
perts in  machine-sewing  of  the  present 
day. 

Messrs.  Whight  &  Mann  exhibited  a 
simple  form  of  machine  for  producing  the 
double-loop,  or  Grover  «k  Baker  stitch.  A 
straight  needle  is  used  in  combination  with 
a  straight  looper,  but  the  chief  peculiarity 
consists  in  the  mode  of  profiling  the  cloth. 
The  needle-bar  receives  its  vertical  motion 
from  a  crank-pin  on  the  end  of  the  driving- 
shaft,  the  ncedlo  at  the  lower  end  being 
guided  and  stayed  by  a  swivelling  socket^ 
on  which  it  oscillates.  The  lateral  motion 
of  the  needle  is  made  to  do  duty  in  pro- 
lulling  or  dragging  onwards  the  fabric  after 
it  has  penetrated  it.  This  machine  is 
capable  of  executing  tine  work 
(figs.  71). 

Mr.  H.  Hughes,  Homerton, 
exhibited  chain -goffering  ma- 
chines, for  goffering  or  fluting 
two  or  more  pieces  of  lace  or 
ribbon,  to  connect  the  pieces 
together,  and  emboss  or  indent 
them,  if  required,  in  the  same 
machine,  and  in  one  operation. 
Two  sets  of  pattern-foruiers  are 
carried  on  an  endless  chain,  the 
lower  set  fluting  one  side,  and 
the  upper  set  fluting  the  other 
side,  of  the  pieces.  The  pieces 
are  then  joined  at  the  middle 
by  a  gummed  cotton  thread, 
from  a  bobbin,  and  are  turned 
out  as  a  niche  or  cap-front 


,  to  i  V, r  lit  parti  benta/»,  girt*g  motion  to  the  lotttr  needle  or  ljoj>er. 
8»WUU  MicniSE,  by  Messrs.  Whight  &  Mann. 


opened  or  caused  to  buckle  outwards  by  the  ordi- 
nary friction  of  the  cloth  against  the  thread,  the 
l>oint  of  the  looper  enters  the  needle-thread  and 
passes  a  loop  of  the  under-threud  through  it.  | 
The  cloth  then  moves  forward,  and  the  needle 
■gun  descends  and  passes  through  the  open  loop  | 


CHAPTER  VI. 

FOREIGN  SEWING  MACHINES. 

The  foreign  sewing  machines  exhibited  were, 
for  the  most  part,  copies  of  well-known  American 
machines. 
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France.  —  If.  Callebaut,  Paris,  exhibited 
!*veral  modifications  of  shuttle  sewing  machines 
lor  family  and  manufacturing  purposes,  con- 
structed on  the  Singer  type.  He  exhibited, 
also,  three  ingeniously-contrived  glove-stitching 
machines,  for  producing  the  "  whip "  or  over- 
cast stitch.  M.  Callebaut'8  improvements  refer 
chiefly  to  the  feeding  devices  for  back-stitching, 
herring-bone  stitch,  and  zigzag  or  Vandyke 
Pitching.  Each  machine  is  provided  with  a 
regulating  handle,  by  means  of  which  the  food 
way  be  changed  from  a  straight  to  a  zigzag  or 
other  motion  without  stopping  the  machine. 
One  lock-stitch  machine,  for  sewing  the  seams 
of  umbrellas  and  parasols,  and  fur  sewing  hosiery 
goods,  produced  a  very  elastic  stitch  by  the  aid 
of  a  top  four-motion  feed,  so  contrived  as  to 
carry  the  work  a  half-stitch  back  for  every 
stitch  it  is  moved  forward.  The  result  is  a 
species  of  lock-stitch,  like  hand-made  back- 
stitching.  In  the  "  herring-bone  stitch  "  ma- 
chine, a  zigzag  motion  is  imparted  to  the  feeding 
foot,  so  that  the  stitches  succeed  each  other  in 
a  zigzag  direction.  To  increase  the  security  of 
the  ordinary  lock-stitch,  a  device  for  reversing 
the  feeding- wheel  at  any  desired  part  of  the  seam 
is  applied  to  one  of  the  machines,  which  enables 
the  operator  to  make  any  number  of  stitches 
hack  upon  the  scam.  In  this  machine,  which  is 
extensively  employed  in  the  Prussian,  Russian, 
aud  French  armies  for  making  soldiers'  clothing, 
the  shuttle  is  considerably  larger  than  usual, 
and  consequently  holds  more  thread  ;  thus  saving 
the  time  otherwise  lost  in  repeatedly  rilling  or 
rewinding  the  shuttle -spool.  Amongst  the 
heavier  class  of  machines  for  leather  work,  «fec, 
an  ingenious  cylinder  machine  for  boot  and  shoo 
work  is  worthy  of  notice  for  its  duplex  feed- 
motion.  The  feed  employed  is  the  under  four- 
motion  variety ;  but,  by  a  slight  adjustment  of 
a  regulator,  and  without  stopping  the  machine, 
the  work  may  be  propelled  either  longitudinally 
w  laterally.  Provision  is  made  for  employing 
two  needles  in  the  same  slide,  placed  in  a  line 
transverse  to  the  direction  of  the  feed.  The 
shuttle-thread  is  passed  through  the  loops  of 
Uth  the  needle-threads,  and  consequently  lies 
in  a  zigzag  direction  on  one  side  of  the  work  ; 
whilst,  on  the  other  side,  two  parallel  seams  of 
the  ordinary  apj>oarance  are  presented.  An 
extra  heavy  leather  machine  for  harness  work 
is  also  exhibited,  in  which  the  wheel-feed  is  used 
in  combination  with  a  reciprocating  and  rising 
wd  falling  pressure-foot,  to  give  a  better  hold 
upon  the  work.  Prevision  is  also  mado  for 
introducing  at  will  a  few  back-stitches,  for  the 
purpose  of  securing  the  seam  at  any  part,  and 
for  fastening  off  at  the  end  of  a  seam. 

The  glove  machines  are  constructed  on  an 
tutirely  different  principle  from  that  of  the 
ordinary  sewing  machine.  The  work,  in  one 
•taiga,  is  held  between  the  jaws  of  a  ]>air  of 


travelling  clamps,  which  are  notched  or  indented 
on  their  holding  edge  to  serve  as  guides  for  the 
sewing  instrument*  The  clamps  require  to  be 
readjusted  when  they  have  travelled  their  whole 
length.  The  sewiug  instrument  consists  of  a 
hook  working  in  a  horizontal  direction,  and 
drawing  the  thread  through  the  material  from 
the  outer  to  the  iuner  side.  The  thread  is  not 
supplied  continuously  from  a  bobbin,  but  is 
used  in  detached  lengths  ;  and  when  entirely 
worked  up,  a  fresh  needleful  or  length  must  be 
supplied.  As  fast  as  the  hook  draws  the  thread 
through  the  material,  a  fiuger,  or  thread-carrier, 
takes  a  portion  of  the  thread,  and  passes  it  over 
the  edge  of  the  front  side  again,  where  it  is 
caught  by  the  hook  as  before,  and  is  again  drawn 
through.  In  another  machine,  a  wheel-feed 
arrangement  is  substituted  for  the  travelling 
clamps,  and  the  sewing  may  be  proceeded  With 
continuously. 

M.  de  Celles,  Paris,  exhibited  a  curious  lock- 
stitch machine,  of  American  origin,  having  the 
proi>erty  of  forming  a  perfect  knot,  like  a 
weaver's  knot,  in  the  shuttle-thread,  at  each 
stitch.  If  the  knot  be  not  tied  close  into  the 
material,  it  does  more  harm  than  good,  by  pre- 
venting the  proi>er  tightening  of  the  stitch,  us 
there  is  no  slip  in  it  when  once  made. 

11  Le  Blond,  Paris,  exhibited  some  good  sjh:- 
cimens  of  workmanship.  The  machines  are  of  a 
compound  order,  for  the  production  of  three  dif- 
ferent kinds  of  stitches — viz.,  the  lock-stitch, 
the  double-thread  loop  or  knotted  stitch,  and 
the  single-thread  chain  or  tambour  stitch. 

Austria. — M.  J.  Warchalovsky,  Vienna,  ex- 
hibited two  machines— one  a  shuttle-stitch,  nnd 
the  other  a  single-thread  chain-stitch  machine. 
They  were  provided  with  duplicate  sets  of  sew- 
ing instruments,  to  work  simultaneously,  and 
consequently  to  produce  two  seams  at  the  same 
time.  The  looping  or  chain-stitch  machine  is 
the  same  as  one  patented  iu  England  by  Mr. 
F.  N.  Parker,  in  1850,  in  which  a  vibrating 
hook  is  employed  for  holding  the  loop  and  pre- 
senting it  to  the  needle  at  its  next  descent. 

Hesse-Cassel. — M.  J.  Schroder,  Darmstadt, 
exhibited  three  machines,  two  of  which  were 
double-thread  loop-stitch  machines,  of  the  G rover 
«fc  Baker  pattern,  and  the  third  was  a  couq>ouud 
of  the  Singer  and  the  Grever  &  Baker  improved 
shuttle  machine. 

BeluK'M. — M.  A.  Le  Roy,  Brussels,  exhibited 
a  machine  for  stitching  button-holes,  in  company 
with  a  large  assortment  of  other  kinds  of  sewing 
machines. 

Prussia. — M.  F.  BiJckc,  Berlin,  exhibited  a 
large  collection  of  sewing  machines,  copies  of 
different  American  machines. 
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SECTION  1. 
MACHINE-TOOLS,  ETC.,  FOR  WOKKING  IN  IRON. 


CHAPTER  I. 

INTRODUCTION. 

THE  lciul  originally  taken  l>y  Messrs.  Joseph 
Whitworth  <k  Co.,  in  the  design  and  the 
manufacture  of  machine-tools,  has  told  bene- 
ficially iq>on  the  general  advancement  of  this 
branch  of  machine  engineering.  Mr.  Whit- 
worth,  alsmt  five-and-twcnty  years  ago,  cstal>- 
lished  his  reputation  as  a  practical  man  of 
superior  principles,  of  enlarged  views,  and  of 
line  taste,  who  aimed  at  nothing  short  of 
absolute  constructive  perfection.  That  he  suc- 
ceeded in  comjwssiug,  within  the  nearest  at- 
tainable limit,  the  high  standard  he  set  up 
for  himself,  and  in  exciting  the  emulation 
of  others,  is  a  matter  of  history,  of  which 
ample  evidence  was  furnished  by  the  display 
of  ttM)ls  and  other  machinery  in  the  Western 
Annex.  Not  only  in  the  sj>ecial  dcj*artment 
of  machine-tools  was  the  Iwnetieial  influence 
of  Mr.  Wlutworth's  example  manifested ;  his 
elevated  style  of  treatment  pervaded  the  works 
of  engineers  in  other  dej>artinents  of  mechanical 
construction.  The  scraped  plane  surface,  adopted 
at  Mr.  Wlutworth's  establishment  about  twenty- 
five  years  ago,  was  noticeable  everywhere.  To 
appreciate  rightly  the  importance  and  value  of 
the  method  of  scraping  for  obtaining  true  war- 
faces,  it  Ls  necessary  to  iw<  rt  for  u  moment 
to  the  antecedent  process  of  grinding  with 
emery.  If  a  ground  surface  be  examined,  the 
hearing  points  will  be  found  lying  together 
in  irregular  masses,  with  extensive  cavities  in- 
tervening ;  and  this  defect  is  not  under  the 
control  of  the  operator.  A  port  ion  of  the  emery 
used  for  grinding  becomes  fixed  in  the  pores  of 
the  metal,  and  cause*  a  rapid  and  irregular  wear 
of  the  surfaces.  A*  grinding  for  a  true  surface 
is,  in  a  manner,  a  self  acting  process,  it  blunts  the 
sense  of  responsibility  in  the  ojierativc,  and  he 
slurs  it  over.  So,  at  one  time,  the  practice  of 
grinding  altogether  impeded  the  progress  of  im- 
provement in  construction.    "  A  true  surface," 


said  Mr.  Whitworth,  in  1840,  "  instead  of  being, 
as  it  ought  to  be,  in  common  use,  is  almost  un- 
known ;  few  mechanics  have  any  distinct  know- 
ledge of  the  method  to  be  pursued  for  obtaining 
it  ;  nor  do  practical  men  sufficiently  advert, 
either  to  the  immense  imj)Oi-tance,  or  to  the 
comparative  facility,  of  the  acquisition."  And 
he  sjioke  Like*  a  true  prophet  when  he  main- 
tained, at  the  same  time,  that  "  a  higher  standard 
of  excellence  would  Ixj  gradually  established, 
the  influence  of  which  would  be  felt  tliroughout 
all  mechanical  operations."* 

Next  to  the  true  plane,  the  power  of  measure- 
ment is  the  second  great  clement  in  constructive 
mechanics,  insisted  on  by  Mr.  Whitworth. 
"The  latter/  he  said,  in"  185G,  "cannot  lie 
attained  without  the  former,  which  is  therefore," 
as  is  now  uiuversally  acknowledged,  u  of  pri- 
mary inijM>rtanee."  Mr.  Whitworth  exhibited, 
at  the  meeting  in  1856  referred  to  in  the  foot- 
note, a  small  machine,  by  which  a  difference  in 
length  or  thickness  of  the  one-millionth  part  of 
an  inch  Ls  detected.  "  The  principle,"  he  says, 
"  is  that  of  employing  the  sense  of  touch  instead 
of  sight" — an  admirable  and  forcible  distinction. 
"  If  an  object  Is-  placed  between  two  jiarallel  true 
planes,  adjusted  so  that  the  hand  can  just  feel 
them  in  contact,  you  will  find,  on  moving  the 
planes  only  the  fifty -thousandth  of  an  inch 
nearer  together,  that  the  object  is  distinctly 
tighter,  requiring  greater  fort*  to  move  it  be- 
tween them."  If,  again,  a  thin  liar  Ijo  brought 
into  contact  ln:tween  the  two  planes,  so  as  just 
to  allow  it,  on  l*>ing  raised,  to  fall  by  its  gravity, 
it  will  Ik-  found  that  by  bringing  the  planes  into 
closer  contact  by  even  the  one-millionth  of  an 
inch,  the  thin  oar  will  be  susjiended  -friction 
overcoming  it*  gravity.  In  the  manufacture  of 
his  standard  gauges  of  size,  Mr.  Wlutworth's 

•  "On  Piano  Metallic  Surfaces,  and  the  proper 
method  <>f  preparing  them  ;"  a  paper  read  \>y  Mr. 
WbitWDlih  at  the  Meeting  <>f  the  Hritish  Association 
at  (ila.«^>w,  in  LStO;  and  referred  to  in  his  Address  at 
the  Meeting  of  the  Institution  of  Mechanical  Engineers, 
at  (ilasgow,  in  1H5G. 
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workmen  measure  to  the  twenty-thousandth  of 
an  inch,  and,  strange  as  it  may  seem,  these 
measures  are  as  familiar  and  appreciable  as 
those  of  any  larger  dimensions.  As  a  matter 
of  necessity,  argues  Mr.  Whitworth,  the  only 
scale  of  measurement  that  can  1m-  used  for  such 
small  sizes,  and  proportionately  small  differences, 
must  be  a  decimal  one ;  any  other  would  lie 
productive  of  endless  confusion  and  insurmount- 
able difficulties.  "  What  exact  notion,"  he  fairly 
asks,  "  can  any  man  have  of  such  a  size  as  '  a 
bare  sixteenth,'  or  1  a  full  thirty -second  1 ' " 

But,  in  connection  with  the  duplicate  system 
of  the  true  plane  and  the  power  of  measure- 
ment, there  is  the  uniform  system  of  screw- 
threads,  also  introduced  by  Mr.  Whitworth. 
Previous  to  its  introduction,  great  inconvenience 
arose  from  the  variety  of  threads  adopted  by 
different  manufacturers.  By  the  force  of  its 
intrinsic  merit,  the  uniform  system,  initiated 
nearly  thirty  years  ago,  and  described  before 
the  Institution  of  Civil  Engineers  in  1841, 
is  now  universally  recognized  aud  adopted. 
The  leading  datum,  applicable  to  all  sizes  of 
angular  screws,  is  the  constant  angle,  55°, 
which  is  adopted  for  the  sides  of  the  threads, 
by  which  a  constant  proportion  is  established 
between  the  depth  and  the  pitch  of  the  thread. 

The  lathe,  and  the  planing  machine,  resjiect- 
ively  develop  the  circular  and  the  plane  forms  ; 
and  they  are  used  in  the  manufacture  of  all  other 
machines.  To  obtain  perfect  steadiness  of  motion 
and  action,  Messrs.  Whitworth  &  Co.  introduced 
the  screw  as  a  means  of  traversing  the  saddle  in 
the  one,  and  the  table  in  the  other.  The  screw 
is  now  universally  applied  to  lathes  designed  for 
cutting  screws ;  but  other  constructors  have  not 
in  genend  shared  Messrs.  Whitworth  <fc  Co.'s 
views  of  the  sufficiency  of  the  screw  for  all  the 
purposes  of  a  lathe.  They  contend  that  a  screw 
for  cutting  screws,  or  reproducing  itself,  should 
be  preserved  from  the  irregidar  wear  incidental 
to  the  ordinary  work  of  a  lathe,  otherwise  a 
true  screw  will  not  be  produced  from  it ;  and 
they  supplement  the  screw  by  a  rack-and-pinion 
motion,  which  is  fully  adequate  for  sliding  and 
surfacing  operations.  The  conical  bearings 
for  the  cone -spindle  of  the  lathe,  introduced 
by  Messrs.  Whitworth  &  Co.,  are  frequently 
adopted  by  tool-makers,  except  for  lathes  of  the 
largest  class,  in  which  the  cylindrical  bearing 
is  retained,  offering  the  steadiest  support  for 
overhung  masses  fixed  on  the  face-plate.  In 
the  application  of  lock-nuts  to  the  cone-spindle, 
they  are  placed  cither  on  the  outside  of  the 
headstock,  for  keeping  up  the  conical  bearings 
without  slackness,  or  on  the  inside,  to  take 
the  thrust  of  the  spindle  ;  or,  finally,  they  may 
be  assisted  by  a  tail-pin  to  take  the  end  thrust, 
according  to  the  old  established  usage.  Examples 
of  the  three  modes  are  exhibited.  The  application 
of  templates  to  the  lathe,  for  guiding  the  cutting- 
tool  in  shaping  Special  forms,  was  exemplified 
by  Messrs.  Smith,  Bcacock,  «fc  Tannctt.  The 


duplex  or  double-cutting  lathe  of  Messrs.  Whit- 
worth «fe  Co.  continues  to  be  without  an  imitation 
amongst  tho  works  of  other  exhibitors,  except 
in  the  large  double  face-plate  lathes  for  turning 
and  boring  railway  wheels.  Messrs.  Holtzapffel 
<fc  Co.  maintain  their  long-established  supremacy 
in  their  j>eculiar  class  of  work.  They  exhibited 
foot  jathe*  for  ornamental  turning  and  amateur 
work,  which  are  most  complete  automatic  tools 
for  the  production  of  regular  forms,  simple  and 
complex.  By  means  of  ingenious  cutting  frames, 
stereographic  Bhapes  are  described  of  every 
variety,  from  that  of  a  cube  to  that  of  an  cllip- 
toid  or  paraboloid. 

In  the  planing  machine,  as  already  observed, 
Messrs.  Whitworth  &  Co.  introduced — and  they 
continue  the  application  of — the  screw  as  a 
means  of  traversing  the  table  ;  and,  in  addition, 
the  reversing  cutter,  to  cut  both  ways,  whilst 
the  table  advances  and  returns.  In  the  use  of 
the  screw  and  the  reversing  cutter,  Messrs. 
Whitworth  <fc  Co.  stand  alone.  Other  exhibitors 
of  planing  machines  apply  the  power  of  the 
nick  and  pinion  for  traversing  tho  table ;  and, 
preferring  to  cut  one  way  only,  in  the  direction 
for  which  the  cutter-box  is  fortified  by  the  trans- 
verse slide,  they  have,  in  some  instances,  applied 
two  cutter-boxes,  to  take  two  cuts  simultaneously. 
In  all  instances,  with  one  or  two  exceptions,  a 
quick-return  motion  is  applied  to  the  table,  to  mi- 
nimise the  delay,  and  increase  the  performance. 

In  the  various  shaping  machines  exhibited, — 
or  "  universal  planing  machines,"  as  designated 
by  Mr.  Nasmyth,  the  original  designer, — the 
main  features  of  his  first  machine  are  re- 
tained, even  to  the  ready  method  of  fastening 
double-lever  eyes,  and  like  work,  by  means  of  a 
spindle  and  adjustable  double-cones.  The  princi- 
pal modification  of  the  machine,  as  now  made,  was 
introduced  by  Messrs.  Whitworth  «fc  Co.,  in  which 
the  headstock  and  drill  travel  over  the  work, 
instead  of  the  work  travereing  under  the  drill. 

Trying  back  to  first  principles,  Messrs.  Whit- 
worth <fc  Co.  introduced  tho  method  of  the  hollow, 
cored,  or  Ihix  casting  for  the  frames  of  machine- 
tools,  on  a  principle  which  may  at  once  be  illus- 
trated and  enforced  by  the  familiar  example  of 
the  goose-quill,  in  which  the  maximum  of  strength 
and  stiffness  Ls  combined  with  the  minimum  con- 
sumption of  material :  the  material  is  removed 
from  the  centre  and  distributed  cireumfcrcn- 
tially,  as  in  a  tube  or  a  box,  round  or  square. 
The  capacity  of  the  1k>x  casting  for  resisting 
strains  of  every  variety — longitudinal,  transverse, 
or  torsional  —  is  amazing ;  and,  if  it  is  not  the 
most  useful  thing  those  exhibitors  have  done, 
it  Ls  certaiidy  one  of  the  happiest.  Tho  same 
constructors,  in  pursuance  of  tho  principle  of 
simplicity  and  directness,  have  eschewed  frag- 
mentary  or  pieced  framework,  and,  as  far  as 
practicable,  have  cast  the  lesser  upon  the  larger 
members.  In  this  matter,  as  in  the  construction 
of  hollow  framing,  other  exhibitors  have  adopted 
the  same  practice. 
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The  traversing  or  slot-drilling  machine  is  a 
recent  machine,  introduced  by  Mr.  Nasmyth  in 
1859,  for  drilling  or  sinking  slots  through  pieces 
of  metal,  by  traversing  the  drill  or  the  work 
laterally,  in  a  direction  at  right  angles  to  the 
position  of  the  drill.  It  is  a  beautiful  machine, 
and  whilst  it  was  substantially  and  successfully 
worked  out  by  Mr.  Nasmyth  as  a  regular 
engineer's  tool,  it  has  been  thoroughly  developed 
by  Messrs.  Sharp,  Stewart,  S:  Co.,  by  Messrs. 
Shanks  &  Co.,  and  by  Messrs.  "Whitworth  Jc  Co. 
The  lateral  strain  on  the  drill,  whilst  making  a 
traversing  cut,  is  the  tender  i>oint  of  this 
machine  ;  and  the  various  modes  of  meeting 
that  practical  ditliculty  are  worthy  of  study. 
The  success  and  efficiency  of  this  system  of  slot- 
drilling  Ls  due  to  the  form  of  the  drill ;  and  it 
may  be  added  that  the  form  contrived  by  Mr. 
.Nasmyth  for  its  special  service, — namely,  a  flat- 
ended  drill  with  the  neutral  or  central  portion 
removed, — has  been  adopted  by  other  makers. 

A  new  and  important  application  of  the  ver- 
tical drill  has  been  made  by  Messrs.  Beyer, 
Peacock,  «fc  Co.,  in  the  frame-drilling  machine. 
It  has  three  drilling  heads  erected  across  a 
movable  table,  so  that  with  transverse  and  lon- 
gitudinal motions,  three  rows  of  holes  may  l>e 
(b  illed  at  once  at  any  part  of  the  surface  of  the 
table. 

The  application  of  circular  cutters  is  exem- 
plified in  machines  for  the  manufacture  of  rifle 
muskets,  exhibited  by  Messrs.  Greenwood  Jc 
Batley.  This  class  of  machines  has  been  intro- 
duced into  this  country  in  a  variety  of  shapes 
from  the  Small  Anns  Factory  at  Springfield, 
Massachusetts,  U.S.  The  Americans  worked 
out  this  problem  of  interchangable  uuichine- 
lnadc  muskets  some  time  )>efore  it  was  adopted 
in  England ;  and,  although  they  have  not 
attained  to  the  degree  of  nicety  which  has  since 
been  achieved  at  the  Enfield  factory,  yet  they 
proved  the  practicability  and  value  of  the  system. 
The  English  Government  resolved  thoroughly 
to  investigate  what  was  doing  in  the  American 
nrmourv,  with  a  view  to  introduce  that  mode 
of  manufacturing  muskets  in  England,  and 
to  benefit  by  the  progress  made  in  "labour- 
saving  machines"  in  the  States.  A  commis- 
sion was  accordingly  apjsnnted,  and  sent  to 
America,  to  investigate  the  system  of  manu- 
facture, and  also  to  order  some  of  the  most 
important  machines :  the  result  is  the  fine  estab- 
lishment of  machinery  at  Enfield.  When  it  is 
remembered  that  all  the  parts  of  a  rifle  musket 
are  made  in  perfect  duplicate,  and  that  each 
individual  part  of  a  musket  may  Iks  interchanged 
with  the  same  part  in  any  other  like  musket, 
making  an  equally  good  fit ;  that  muskets  art; 
manufactured  at  the  rate  of  two  thousand  per 
week ;  that  upwards  of  seven  hundred  opera- 
tions are  required  for  the  production  of  a  single 
rifle,  some  idea  may  be  formed  of  the  extreme 
degree  of  accuracy  with  which  the  machines 
must  be  employed. 


Screwing  machinery  has  received  an  excellent 
improvement  in  the  hands  of  Messrs.  Shanks  «fc 
Co.,  and  of  Mr.  Sellers,  through  Messrs.  Sharp, 
Stewart,  <fe  Co.,  in  the  form  of  the  dies,  which 
are  made  with  conical  entrances,  cut  from  the 
entering  threads,  to  screw  a  bolt  at  one  cut. 
The  application  of  chasers  for  cutting  screws,  by- 
Messrs.  Smith  «fc  Coventry,  is  deserving  of 
notice. 

Machinery  for  cutting  files  has  been  for  some 
time  on  trial,  and  two  machines  for  tliat  pur- 
l>ose  were  exhibited.  It  Ls  doubtful  whether 
the  practical  difficulties  have  yet  been  completely 
surmounted.  All  attempts  hitherto  to  introduce 
such  machines  into  the  Sheffield  factories  have 
failed  from  the  opposition  of  workmen. 

In  punching  and  shearing  machinery,  Messrs. 
M.  De  Bergue  «k  Co.,  Barcelona,  and  Messrs.  C. 
Do  Bergue  «fc  Co.,  London  and  Manchester, 
exhibited,  independently,  the  greatest  novelty 
— the  application  of  a  rocking  triangular  frame, 
or  triplicate  lever,  for  working  the  punch  and 
the  shears.  They  exhibited  also  a  novel  rivet- 
making  machine,  which  oj)erates  by  pressure, 
without  a  blow.  Messrs.  D.  Cook  «fe  Co.  exhi- 
bited a  steam  riveting  machine,  in  which  the 
steam  -pressure  is  applied  direct  to  the  end  of  a 
lever,  with  an  eccentric  motion  to  advance  the 
heading  die. 

Messrs.  James  Nasmyth  »fc  Co.  (of  which  firm, 
Mr.  Nasmyth  was  the  inventor  of  the  steam-ham- 
mer) exhibited  a  selection  of  their  hammers,  and 
an  ingenious  dividing  and  punching  machine,  for 
spacing  out  the  rivet-holes  precisely  to  the  length 
1  of  the  plate.  There  were  several  other  exhi- 
bitors of  steam-hammers,  —  varieties  of  the 
Nasmyth  hammer.  In  one,  Condie's  hammer, 
exhibited  by  Mr.  A.  C.  Wylie,  the  steam-cylinder 
constitutes  the  tup,  and  Ls  moved  up  and  down, 
whilst  the  piston  Ls  stationary. 

The  drawings  of  a  novel  and  excellent  forg- 
ing press  were  contributed  by  Mr.  J.  Haswell, 
from  Vienna.  In  thLs  press,  the  work  is  forged 
or  shaped  by  the  application  of  hydraulic  pres- 
sure, instead  of  blows. 

An  efficient  machine  for  forging  small  Ixdts, 
spindles,  and  other  light  work,  was  exhibited 
by  Mr.  Ryder,  the  inventor.  Messrs.  Whit- 
worth A  Co.  exhibited  a  modification  of  the 
same  machine. 

The  manufacture  of  shoes  by  machinery  is 
receiving  great  attention  ;  and  it  Ls  to  be  pre- 
sumed tliat  shoemaking  by  machinery  wdl  ere 
long  take  its  place  amongst  our  other  large  me- 
chanical industries. 

In  the  following  analysis  of  the  machine-tools 
exhibited,  the  contributions  from  Manchester 
and  Leeds  are  examined  first  in  order,  as  the 
head-quarters  of  the  manufacture ;  and  then 
the  machines  contributed  from  other  districts. 
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MANCHESTER  MACHINE-TOOLS. 
CHAPTER  II. 

MACHINE-TOOLS,    EXHIBITED    BY  MESSRS. 
JOSEPH  WHITWOKTH  AND  CO.,  MANCHESTER. 

The  extensive  and  varied  collection  of  tools 
exhibited  by  Messrs.  Wlutworth  <fc  Co.  were 
remarkable  for  tasteful  outlines,  in  combination 
with  strength  and  scientific  design,  neat  aj>- 
pliunces  and  meatus  of  exact  udjustment,  and 
perfect  workmanship.  The  collection  com- 
prised a  selection  of  lathes,  planing  machines, 
slotting  and  shaping  machines,  drilling  ma- 
chines, a  wheel-cutting  machine,  a  punching 
and  shearing  machine,  and  a  forging  machine,  a 
screwing  machine,  screwing  tackle,  and  a  case 
of  cylindrical  gauges. 

1.  Self-acting  Foot-LaUie. — This  class  of  lathe 
ia  suited  for  the  086  of  engineers,  amateurs,  and 


Fig.  72. 


Bur-icnso  Fooi-Latii«,  l'jr  Mr»«r«.  Jo»*i>h  Wliitworth  &  Co., 


philosophical  instrument  makers.  It  is  made 
of  several  size*,  with  from  5  to  9  inches  height 
of  centres,  and  is  adapted  for  turning  plain  and 
ornamental  work,  for  small  sliding,  screw-cutting, 
and  surfacing  (fig.  72). 


2.  Self-acting  Lal/te. — This  is  a  lathe  of  me- 
dium dimensions,  with  10-inch  centres,  and  the 
bed  10  feet  in  length ;  it  is  adapted  for  sliding, 
screw  cutting,  surfacing,  and  boring.  It  is  made 
either  with  a  single  cutter,  or  duplex,  with  two 
cutters,  facing  each  other,  one  on  each  side  of 
the  centre  line,  which  are  useful  chiefly  in  sliding 
or  turning  shafting,  an  the  work  is  done  more 
quickly, — the  lateral  strains  of  the  cutters  on  the 
shafting  neutralizing  each  other.  The  saddle, 
or  carriage,  is  traversed  for  sliding  or  screw- 
cutting,  by  means  of  a  screw  placed  inside  the 
bed  of  the  lathe,  reaching  from  end  to  end ;  the 
screw  is  also  used  as  a  rack  for  shifting  the  saddle 
by  hand,  by  means  of  a  toothed  wheel  and 
handle.  The  cutter  may  be  traversed  by  luind 
upon  the  saddle,  longitudinally  or  transversely, 
The  cone-pulley  spindle  is  formed  with  steeled 
conical  bearings,  to  receive  the  horizontal  thrust, 
and  is  adjusted  by  means  of  a  nut  and  lock-nut 

E laced  at  the  inside  as  well  as  the  outside  of  tho 
eadstock-frame.  Tho  change-wheels  for  the 
speeds  of  screw-cutting  are  all  U|x>n  overhung 
l>earings,  and  wheels  of  any  size  may  be  freely 
placed  ujkui  the  spindle  (fig.  73). 

3.  Self-acting  Jireak-Latlte. — This  lathe  has 
18-inch  heads,  and  is  suitable  for  sliding,  screw- 
cutting,  surfacing,  and  lioring.  The  ImkI  is  movable 
on  the  foundation-plate  by  rack  and  pinion,  so 
as  to  form  a  break  or  gap  for  admitting  pieces  of 
a  large  diameter.  The  foundation-plate  is  planed 
and  grooved  on  the  whole  of  its  Upper  surface 
Tho  fixed  head  is  made  the  same  height  as 
the  shifting  head,  and  is  elevated  on  a  separate 
base  or  block,  Iwilted  to  the  foundation-plate. 
A  guide-screw  is  placed  inside  the  shifting  bed, 
ami  is  driven  by  means  of  mitre-gearing  from 
the  spindle  of  the  fixed  head,  by  a  longitudinal 
shaft  [raffling  through  the  foundation-plate,  with 
spur-gearing  at  the  other  extremity.  The  guide- 
screw  is  reversed  by  means  of  a  reverse  mitre 
wheel  on  the  cono-spindle,  which  may  be  put  in 
gear  by  a  clutch.  For  turning  objects  of  large 
diameter,  the  face-plate  is  driven  by  a  large  ex- 
ternal spur-wheel  bolted  to  the  back  of  it, 
driven  by  a  pinion  and  other  gearing  from  the 


Fio.  73. 
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cone-pulley.  By  the  substitution  of  the  external 
spur-wheel  for  the  internal  wheel,  a  greater 
(strength  of  tooth  and  diameter  of  pinion  are 
obtained  (fig.  74). 


4.  Railway-wheel  Turning  Lottie. — The  heads 
of  thin  lathe  art*  3  feet  3  inches  high,  each  in 
one  piece,  instead  of  being  elevated  on  standards 
or  separate  bases,  as  in  the  fixed  head  of  the 


Fig.  74. 


SlLr-ACTlxo  Biias-Latdb,  l>y  M«un.  Jotfpb  Whitworlh  A  Co. 


break-lathe.  The  lathe  is  adapte«l  for  boring 
or  turning  both  wheels  at  once,  singly,  or  on 
their  axles.  The  cone-pulley  is  placed  at  one  side 
of  the  head,  between  its  Wrings,  and  by  means 
of  two  spur  pinions,  one  on  each  end  of  the  cone- 
spindle,  n  motion  is,  in  the  first  place,  taken  oil* 
for  turning,  through  a  large  spur-wheel  on  the 
end  of  a  longitudinal  shaft  in  the  foundation- 


plate,  to  drive  lx>th  face-plates  by  pinions  gearing 
with  large  spur-wheels  on  the  Iwicks  of  them  ; 
secondly,  for  boring  wheel-naves,  by  driving  the 
face-plate  on  the  same  head,  by  the  other  spur 
pinion  on  the  cone-pulley  shaft,  when  a  much 
greater  speed  is  required  and  obtained  than  for 
turning.  Either  or  both  the  face-plates  may  be 
engaged  for  turning,  by  putting  in  gear  accord- 
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ingly  the  pinions  on  the  longitudinal  shaft. 
Self-acting  feed-motions  are  applied  to  the  rests, 
through  over-head  connections,  worked  from  the 
end  of  the  fixed-head  spindle  by  bevil  gear 
(fig.  75). 

5.  tSef/'-acting  Planing  Macltines. — Two  self- 
acting  planing  machines  were  exhibited  :  one  of 
them  is  22  feet  long,  and  planes  ~>  feet  G  inches 
wide,  and  5  feet  6  inches  liigh  ;  it  is  provided 
with  two  reversing  cutter-boxes,  each  to  plane 
both  ways.  The  other  machine  is  of  a  smaller 
size,  12  feet  long,  3  feet  G  inches  wide,  and  3  feet 
6  inches  high ;  it  ifl  provided  with  one  cutter-  | 


box,  and  planes  only  one  way,  the  speed  of  the 
return  traverse  motion  of  the  table  being  in- 
creased, by  gearing,  to  nearly  three  times  the 
cutting  spewl  forward.  The  table  is,  in  both 
cases,  moved  by  a  screw,  which  was  originally 
adopted  by  the  exhibitors,  and  has  always  been 
employed  by  them  in  preference  to  a  chain  or  a 
rack  motion.  A  vertical  shaft  is  applied  at  one 
side  of  the  frame,  by  means  of  which  the  vertical, 
angular,  horizontal,  and  reversing  motions  of  the 
cutter-boxes  are  regulated  ;  and,  by  the  aid  of  a 
system  of  sliding  spur-pinions  on  the  end  of  the 
cross  slide,  all  or  any  of  the  self-acting  motions 
may  be  put  in  action  at  the  same  time.  The 
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cross  slide  is  elevated  l>v  mean*  of  the  upright 
shaft,  worked  below  (fig*  76). 

A  crank-planing  machine  also  was  exhibited, 


rto.  rr, 


'teasel 
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in  which  the  table  Is  worked  by  a  crank  and 
lever,  which  impart  a  uniform  motion  in  cutting, 
and  a  quick  returning  motion. 
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C.  Universal  Shaping  Machine*. — Two  sizes 
of  these  machines  were  exhibited  for  shaping 
levers,  cranks,  connecting  rods,  and  similar  work. 
The  nun  is  moved  by  means  of  a  peculiar  crank- 
motion,  with  a  quick  return,  fitted  on  one  side 
€>f  the  driving  spur-wheel,  and  adjustable  for  any 
length  of  stroke  or  cut  There  are  self-acting 
motions  for  shaping  horizontal,  vertical,  angular, 

F:o.  77. 


and  pinions ;  they  are  attached  to  the  frame  in 
front,   by  "f-h«vded   l»»lts,  sliding  in  planed 


grooves. 
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and  circular  work ;  and  also  for  hollow  curves, 
the  cutter-box  being  provided  with  a  segment 
wheel  and  worm  to  feed  for  the  hollow-shaping. 
There  are  two  independent  tables  for  holding  the 
work,  adjustable  vertically  by  means  of  screws 
and  nuts,  and  longitudinally  by  means  of  racks 


The  larger  sizes  of  this  machine  are  occasion- 
ally provided  with  two  headstocks,  sejiarately 
adjustable,  and  with  separate  self-acting  motions, 
for  which  three  tables  are  provided.  This  ar- 
rangement is  suitable  for  planing  or  shaping 
both  ends  of  connecting  rods 
at  the  same  time,  or  for 
shaping  two  different  objects 
(fig.  77). 


7.  Selfacting  Slotting  Ma- 
chines.— Two  machines  of 
different  sizes  were  exhi- 
bited, having  respectively  1 8 
inches  and  6  inches  stroke. 
They  liave  independent  up- 
right framing,  cast  in  one 
piece  with  the  solo  or  base. 
The  vertical  slide  for  the 
cutter-holder  or  mm  is  con- 
tinuous, or  in  one  piece,  in- 
stead of  in  two  separate 
shorter  slides ;  thus  a  conti- 
nuous bearing  isgiven,  which 
stiffens  and  steadies  the  ram, 
and  increases  the  duration 
of  the  wearing  surfaces.  The 
feed  is  taken  from  a  hori- 
spiudle,  downwards  through 
which  moves  a  horizontal 


zontal  cam  on  the 
an  upright  shaft, 
shaft,  from  which  the  feeds  for  the  longitudinal, 
transverse,  and  circular  motions  of  the  table, 
are  transmitted  by  spur-wheels  and  screws  for 
the  first  and  second  motions,  and  by  a  worm 
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and  worm-wheel  for  the  third  motion.  The 
worm  is  in  two  lengths,  adjustable,  to  take  up 
the  slaek  as  the  thread  wears  (fig.  78). 
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The  smaller  machine  is  fitted  with  additional 
longitudinal  and  transverse  slides,  supeqwsed 
ujxm  the  self-acting  slides,  and  adjustable  by- 
hand,  to  facilitate  the  setting,  and,  in  many 
cases,  the  shaping  of  an  object  (fig.  7'.)). 
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foMffe  WhiUrorlb  A  Co. 


The  ram,  or  cutter-holder,  is  moved  by  a 
simple  crank-motion,  which  may  be  varied  by 
shifting  the  pin  radially  in  a  slot  across  the  face 
of  a  disc  on  the  spindle. 


8.  Self-acting  Compound  Slotting  Machine. — 
This  machine  is  made  with  one  or  more  slotting 
headstocks,  mounted  on  a  slide-bed  similar  to 
that  of  the  universal  shaping  machine.  The 
work  is  fixed  on  the  tables,  which  are  adjustable 
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longitudinally  and  vertically;  and  the  slotting 
heads  and  cutters,  are  mado  to  slide  along  the 
bed,  each  tool  having  independent  self  acting 
motions  for  plain  and  circular  work  (fig.  80). 

9.  Self-acting  Vertical  Drilling  and  Boring 
Machines. — Several  sizes  of  this  machine  were 
exhibited.  They  are  made  with  hollow  frames  ; 
the  foundation-plate  is  planed  and  grooved,  for 
levelling  and  fixing  work  when  too  high  for  the 
table.  The  table  has  a  vertical  slide  adjustment, 
worked  by  a  worm  and  wheel,  and  a  rack-and 
pinion  motion;  it  swivels  horizontally  on  bearings 
fixed  to  the  vertical  slide ;  and  it  is  adjustable 
horizontally  by  means  of  a  radial  screw.  The 
drill-spindle,  in  one  machine,  slides  vertically 
through  a  tidn»,  with  which  it  is  connected,  and 
driven  by  a  slot  and  feather;  the  tube  being 
driven  by  mitre-wheels  from  the  driving  shaft, 
and  working  in  adjustable  conical  bearings.  In 
another  machine  the  spindle  works  in  ordinary 
cylindrical  cap-bearings.  The  back  gear,  instead 
of  being  placed  within  the  frame  abovo  the  cone- 
spindle,  as  formerly,  is  placed  at  one  side  (fig.  81). 

A  vertical  drilling  machine,  of  very  small 
dimensions,  is  exhibited,  in  which  the  spindle  is 
constructed  like  a  lathe-spindle,  with  conical 
steel  bearings,  and  the  table,  which  has  ci  im- 
pound slides,  is  moved  vertically  by  the  foot.  A 
stop  is  provided,  to  give  the  limit  to  which  the 
table  can  be  raised,  and  it  acts  as  a  guide  in  cut- 
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ting  mortise*  or  slots,  or  in 
milling  or  shaping  light  work. 
This  machine  is  designed  and 
us«-d  for  the  manufacture  of  rifles, 
philosophical  instruments,  and 
other  light  work. 

1 0.  Self-ading  Radial  Drilling 
Machine. — This  machine  is  made 
with  a  vertical  hollow  frame. 
The  radial  arm,  or  jih,  earning 
the  drill -spindle,  is  movable 
through  an  arc  of  200°,  and  will 
compass  any  object  within  that 
range.  It  is  hung,  and  it  swivels 
upon,  a  bracket  which  slides  ver- 
tically upon  the  flat  face  of  the 
frame,  to  various  elevations,  aa 
may  be  required.  It  is  raised  by 
of  a  worm  and  hand- 
wheel.  The  motion  to  turn  the 
drill  spindle  is  derived  from  the 
cone  pulley,  through  mitre-gear, 
behind  the  sliding  bracket,  and 
a  telescopic  shaft,  which  is  cap- 
able of  drawing  out  or  contract- 



connection    with  flu- 
spindle  -  headstock,  accordingly 
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as  it  may  bo  traversed  on  the  jib.  The  vertical 
feed  of  the  spindle  is  made  through  worm  and 
wheel  gearing,  with  a  pinion  nnd  a  spindle  rack. 
The  horizontal  adjustment  of  the  spindle  is  done 
by  means  of  a  screw  turned  by  a  handle  at  the 
end  of  the  jib.  A  means  of  turning  the  jib  on  its 
centre,  for  adjustment  or  otherwise,  not  shown 
in  the  illustration,  is  provided  by  the  applica- 
tion of  a  worm  ami  wheel  at  the  base  of  the 
bracket  (fig.  82). 

11.  Self-acting  ShUlriUing  Machine.  —The 
object  of  this  macliine  is  to  cut  slots  or  mortises, 
and  for  pener.il  drilling,  boring,  and  milling.  It 
is  constructed  with  a  horizontal  slide  l>ed, 
grooved  in  front  to  receive  the  several  table* 
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used  for  holding  the  work,  which  are  movable 
vertically  and  longitudinally.  The  drill-spindle 
revolves  in  conical  case-hardened  Btcel  bearings 
within  a  tube,  which  is  made  octagonal  in  sec- 
tion exteriorly,  and  is  adjustable  in  its  bearings, 
like  the  spindle  of  a  turning-lathe,  by  means  of 
a  "  tail-pin  "  and  lock-nuts  on  the  tipper  end,  to 


prevent  play  of  any  kind.  The  means  for 
imparting  the  rotary  motion  of  the  drill,  the 
vertical  feed,  and  the  reciprocating  traversing 
movement  of  the  drill  to  form  the  slot,  are  all 
contained  within,  and  carried  upon  and  with  the 
headstock  ;  the  base  of  the  headstock  being 
movable  longitudinally  by  a  screw  in  the  bed 
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of  the  machine,  for  preliminary  adjustment  j 
The  drill-spindle  is,  further,  adjustable  trans- 
versely, on  a  cross  slide.  Thus  the  spindle 
is  controlled  by  three  slides  for  different  pur- 
poses. The  vertical  feed  is  ini|>arted  to  the 
octagonal  tulw  by  means  of  a  raek  on  its  face ; 
the  tube  descends  with  luid  materially  stiffens  the 
spindle  against  the  lateral  strain  peculiar  to 
slot-drilling.    The  horizontal  feed,  or  reciproca- 


i  tion,  is  communicated  by  a  worm  and  wheel  on 
a  horizontal  slotted  disc,  forming  a  crank-motion, 
like  that  of  an  ordinary  slotting  machine,  in 
which,  by  shifting  the  stud,  the  travel,  or  length 
of  the  slot  to  be  drilled,  mav  be  fixed.  The 
horizontal  feed  varies,  in  virtue  of  the  crank 
motion,  from  nothing  at  the  commencement  and 
end  of  the  travel,  to  a  maximum  at  the  middle 
of  it  (fig.  83). 
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In  another  kind  of  slot-drilling  machine,  for 
cutting  slots  which  do  not  ran  ]  >  indlel  to  the 
length  of  the  object — as,  for  example  in  the 
cross-head  of  a  steam-engine — the  main  frame 
carrying  the  drill-spindle  is  stationary,  and  the 
work  is  traversed  under  the  drill. 

12.  Self-acting  Wheel-cutting  MacJUne. — This 
machine  is  designed  for  cutting  the  teeth  of 
spur,  bevil,  and  worm-wheels,  in  metal  or  wood. 
It  will  cut  wheels  up  to  ten  fect  in  diameter, 
and  pinions  of  the  smallest  diameter  required  in 
engineers'  work.  The  cutter  is  circular,  and  is 
fixed  on  a  vertical  spindle  revolving  in  a  frame, 
julj  ustablc  vertically,  and  traversed  by  self-acting 
means  horizontally  across  the  rim  of  the  wheel 
to  be  cut.  The  wheel  is  fixed  on  a  horizontal 
axis  on  a  frame  adjustable  longitudinally  on  the 
bed,  according  to  the  diameter  of  the  wheel. 
The  dividing  of  the  wheel — that  is,  the  changes 
of  ]>osition  for  cutting  successive  teeth,  is  accom- 
plished by  means  of  change-wheels  nnd  worm- 
wheels  (fig.  Hi). 

13.  Self-acting  Nut-sJtaping  MacJUne. — This 
machine  is  applicable  for  shaping  and  squaring 
nuts,  bolt-heads,  ends  of  shafts,  Sic,  with  two 
circular  cutters,  shaping  two  opjiositc  sides  at 
once ;  and  two  concentric  chucks  for  holding  two 
objects,  to  be  operated  upon  at  the  same  time. 
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There  are  duplicate  compound  slide-rests,  with 
separate  self-acting  and  disengaging  motions,  to 
prevent  injury  from  the  cutters.  The  concen- 
tric chucks  are  placed  on  opj>osite  sides  of  the 
circular  cutters,  with  the  view  of  balancing  the 
cutting  strains  and  doubling  the  quantity  of 
work  that  can  l>e  done  with  only  one  chuck 
(fig.  85). 

14.  Punching  and  Shearing  Machine. — This 
machine  is  made  with  a  hollow  frame,  with  a 
double  fly-wheel,  and  driven  by  means  of  a  single 
pinion  and  a  large  wheel,  with  eccentric  motions 
for  working  the  punching  and  shearing  slides, 
through  the  medium  of  connecting-rods.  The 


eccentric  or  main  shaft  is  of  steel-iron;  the 
punch  is  balanced  by  a  weighted  lever,  and  it 
may  lie  raised,  or  put  out  of  action,  by  means 
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of  a  hand-wheel  and  worm,  without  stopping 
the  machine  (fig.  8G). 

15.  Ryder  8  Forging  Machine. — This  machine 
is  adapted  for  forging  small  objects  in  quantities, 
where  the  cost  of  the  swages — generally  of  cast- 
iron — forms  a  comparatively  small  item.  This 
machine  admits  a  forging  six  inches  square.  The 
upper  swages,  four  in  number,  work  in  hexagonal 
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slides,  which  arc  adjustable,  and  are  raised  and 
depressed  by  eccentrics  formed  out  of  the  solid 
driving  shaft  of  steel.  The  lower  swages  are 
raised  by  means  of  screws  and  hand-wheels  to 
the  required  height,  and  one  or  more  of  them 
may  be  raised  during  the  swaging  of  a  piece,  so 
as  to  produce  taper  work  (fig.  87). 
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16.  Sawing  Machine  for  Hot  Iron. — This  is 
a  useful  machine  in  connection  with  Ryder's 
forging  machine.  It  is  arranged  with  a  slide 
bed,  on  which  the  slide  carrying  the  circular 
saw  is  movable  longitudinally.  'Hie  iron  to  be 
sawn  is  placed  in  an  angular  grooved  bed,  and 
the  saw  is  drawn  through  it  by  means  of  a 
and  nut 


17.  Bolt  and  Nut  Screwing  MacJUne. — Thus 
machine  is  constructed  with  a  hollow  mandril, 
with  universal  chuck  for  holding  the  bolt  or 


other  article  to  be  screwed.  There  are  four 
radial  screwing  dies,  two  on  each  side  of  the 
centre.  They  are  cut  by  master  taps,  of  a 
diameter  larger  than  that  of  the  bolts  to  be 
screwed,  by  twice  the  depth  of  the  thread,  in 
order  that  the  diameter  of  the  tops  of  the  threads 
in  the  dies  may  be  equal  to  that  of  the  tops  of  the 
threads  on  the  screwed  bolt ;  so  that,  these  par- 
ticular diameters  being  equal,  the  obliquity  of 
the  thread  to  be  started  on  the  circumference  of 
the  blank  bolt,  and  ultimately  cut  upon  it,  will 
be  correct  for  the  top  of  that  thread,  and  will 


thus  start  the  thread  at  the  proper  pitch.  The 
cutting  edges  of  the  dies  arc  hied  off  to  an  acute 
angle,  so  as  to  cut  with  ease,  like  a  chasing 
"tool"  or  cutter  (fig.  88). 


The  dies  having  been,  in  the  first  place,  closed 
upon  the  bolt,  it  is  passed  through  them,  and 
the  thread  traced  upon  it.  It  is  again  passed 
and  repassed  through  the  dies,  which  are  drawn 
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and  closer,  until  the  full  thread  is  formed. 
The  taps  for  screwing  nuts  are  tapered  at  the 
points,  and  fluted  longitudinally,  to  form  cutting 
edges.    The  reduced  threads,  entering  the  nut, 
cut  their  way  through  in  succession,  and  the 
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is  completed  by  the  full  threads  on  the 
body  of  the  tap. 

18.  Hand-screwing  Apparatus.  —  This  com- 
prises screw-stocks,  dies,  taps,  and  wrenches. 
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The  screw-threads  are,  in  section,  formed  alike  in 
angle  and  shape,  on  the  uniform  system  intro- 
duced by  Messrs.  Joseph  Whitworth  <fc  Co. 
The  screw-stocks  are  fitted  with  three  dies, 
of  which  one  is  stationary,  and  acta  as  a 
"dummy,"  to  support  and  guide  the  bolt,  with- 
out cutting  it ;  the  two  others  are  the  cutting 


dies,  set  up  to  the  work  by  a  double-inclined 
wedge  or  key  (fig.  89). 

19.  Internal  and  External  Cylindrical  Gauge*. 
— These  gauges  are  standards  of  size,  made  exact 
to  the  national  measure,  and  tested  by  the  mea- 
suring machine  (fig.  90). 
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ENGINEERS*  TOOL8  EXHIBITED  BY  ME88R8.  SHARP, 
8TEWART,  AND  CO.,  MANCHESTER. 

Messrs.  Sharp,  Stewart,  <fc  Co.  exhibited  a 
series  of  tools  nicely  and  elegantly  designed, 
carefully  and  thoroughly  detailed,  and  well  con- 
structed. The  collection  comprised  several 
original  machines — matured  within  the  last  few 
years — remarkable  for  the  rapidity  and  accuracy 
of  their  performance. 

L  Double  Face-plate  Lathe.— This  lathe  has  two 
face-plates,  6  feet  6  inches  in  diameter,  for  turning 
and  boring  wheels  and  tyres  up  to  6  feet  in  dia- 
meter, either  separately  or  on  their  axles,  and  it 
bores  the  tyres  or  the  naves  of  the  wheels  by  self- 
acting  movements.  The  bed  is  made  unusually 
strong,  and  is  designed  to  be  independent  of  the  ex- 
pensive and  massive  foundation  required  for  some 
lathes  of  this  size.  The  headstocks  are  heavy 
"box'  or  hollow  castings,  with  adjustable  gun- 
metal  bearings  of  large  surface  for  the  spindles, 
which  are  supplied  with  lock-nuta  to  prevent 
end  play.  The  face-plates  are  driven  each  by  an 
exterior  spur-wheel  or  circular  rack  cast  on  the 
back  of  the  face-plate,  of  the  greatest  available 
diameter,  nearly  equal  to  that  of  the  faco-platc. 
The  nave  of  the  face-plate  is  recessed,  and  has  a 
bearing  upon  the  circumference  of  the  collar  on 
the  spindle,  to  which  it  is  bolted,  which  adds 
materially  to  the  stiffness  of  the  connection, 
more  particularly  as  the  bearing  on  the  collar  is 
in  line  with  the  driving  circular  rack  on  the  back 
of  the  face-plate,  and  therefore  also  with  the  driving 
strain.  The  lathe  is  driven  from  two  cone  pulleys, 
— a  four-speeded  cone  with  a  pinion  to  drive  a 
spur-wheel  on  the  main  spindle,  being  single  gear 


for  quick  speeds,  suitable  for  boring  and  turning 
the  naves  of  wheels.  Secondly,  a  three-speeded 
cone  with  a  pinion  to  drive  a  spur-wheel  on  the 
through  shaft  in  the  bed,  from  which  a  couple  of 
spur-pinions  gear  with  and  turn  the  face-plates  : 
this  comprises  a  double  reduction  of  speed,  for  low 
speeds  for  turning  the  larger  diameters.  The  face- 
plates are  formed  with  a  few  long  slots  instead  of 
the  numerous  ordinary  square  holes,  for  conve- 
nience in  applying holding-bolts  to  the  work.  The 
face-plates  are  provided  with  four-jaw  "screw 
chucks"  for  fixing  tyres  and  wheels  to  be  bored- 
Two  or  four  "  tool-rests"  are  provided,  as  may  be 
required,  for  duplex  turning  or  boring ;  all  of  them 
with  self-acting  motions.  Each  |>air  of  rests  is 
placed  upon  a  transverse  slide  or  base-plate,  bolted 
to  the  bed  by  crosshead  bolts  and  nuta  adjustable 
in  longitudinal  grooves  in  the  l»ed  ;  the  rests  are 
fixed  to  the  transverse  base-plate  by  dovetail-headed 
bolts  and  nuta  in  a  pair  of  grooves  formed  in  the 
liasc-plate.  By  this  means  the  rests  may  be  ad- 
justed in  position  with  great  facility.  The  feed 
for  the  cutters  is  obtained  from  tho  respective 
cone-spindles  by  means  of  overhead  connections. 
The  hcadstocks  are  adjustable  apart  by  means  of 
rack  and  pinion,  and  the  l>ed  is  sufficient  in 
length  to  admit  wheels  and  axles  of  the  widest 
gauge.  A  self-acting  feed  for  the  boring  bar  is 
derived  from  the  end  of  the  back  headstock  with 
overhead  connections. 

2.  Self-acting  Shaping  Machines. — Two  ma- 
chines were  exhibited,  capable  of  planing  or 
shaping  flat,  circular,  or  angular  work,  with 
maximum  strokes  respectively  of  25  inches  and 
G  inches.  In  the  25-inch  machine  two  tables  are 
applied  for  supjx>rting  long  objects  at  two  places. 
The  ram  is  driven  by  a  slotted  link,  vibrating  on 
one  end,  with  quick  return,  and  the  connection 
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with  the  ram  is  applied  centrally, — that  is,  in  the 
vertical  plane  of  the  centre  line  <>f  the  nun,  which 
is  also  that  of  the  centre  line  of  strain.  The  teeth 
of  the  intermediate  spur-gear  for  driving  the  nun 
are  divided  and  spaced  alternately  to  prevent  jar- 
ring. The  cutter-ltoxes  are  actuated  by  three  dis- 
tinct  feed-motions,  one  for  each  variety  of  shaping. 
The  ram  may  be  worked  at  various  distances  from 


the  dotted  link  by  which  it  is  driven,  being  ad- 
justable to  the  pail  of  the  object  required  to  be 
ojH-nited  upon  •  and  the  machine  commands  cir- 
cular objects  not  exceeding  24  inches  diameter. 

In  the  6-inch  machine,  the  ram  Is  driven  by 
a  connecting  rod  direct  from  a  revolving  stud  in 
the  side  of  the  driving  spur-wheel  ;  it  has  a 
single  table,  and  has  three  feed- motions  (fig.  91). 


Bilv-actutg  Shafihg  Machisi,  by  Mnm.  8h»rp,  fit<>w»rt,  &  Co.,  M«ncb<»»trr. 


3.  Slotting  Maclune. — Tliis  machine  is  made 
for  a  9-inch  stroke.  The  frame  and  sole  arc 
in  one  piece,  formed  of  a  single  box  casting.  The 
ram  is  carried  in  two  distinct  slides  with  adjust- 
able strips  for  correcting  wear ;  it  is  worked 
vertically  by  a  connecting  rod  from  a  stud-pin  in 
the  driving  disc,  adjustable  in  a  groove  across 
the  face  of  the  disc,  to  vary  the  stroke.  The 
elevation  of  the  ram  is  adjustable  by  a  seivw  and 
hand-wheel  at  the  up]>er  end,  acting  on  the  con- 
necting-rod pin.  The  disc  is  embedded  flush  in 
a  turned  recess  formed  in  the  frame,  in  the  top 
of  which  a  hardened  die-block  is  inserted,  made 
adjustable  so  as  to  take  up  any  slackness  from 
wear,  giving  the  disc  an  ample  l>earing,  and  re- 
ducing the  leverage  upon,  and  increasing  the  dura- 
bility of,  the  spindle-bearings.  The  table  is  coin- 


pound,  with  throe  distinct  self-acting  motions  for 
the  longitudinal,  transverse,  and  circular  feeds. 
The  feed-mot  ions  are  derived  from  a  vertical  slotted 
cam  on  the  disc-shaft,  with  a  slotted  lever  to  vary 
the  feed,  and  a  ronneeting-rod  which  descends  to 
1 1  it-  n  Hiking  feed-shaft  alongside  the  sole,  and  works 
it  by  a  ratchet-motion.  The  connections  to  the 
several  feeds  are  made  with  spur-wheels,  which 
arc  movable  on  the  respective  fwd  screw-shafts, 
into  or  out  of  gear  ais  required.  The  exhibitors 
very  properly  call  attention  to  the  fact  that, 
whilst  the  slotting  machine  is  useful  in  replacing 
the  labour  of  mechanics  in  chipping  and  filing 
metal,  it  is  further  useful  in  economising  the 
labour  of  smiths,  as  by  its  varied  and  rapid 
o|M>rations  it  may  often  produce  from  a  shapeless 
forging  a  finished  form  that  would  l>e  with  diffi- 
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culty  forged  approximately  fur  completion  by 
hand-labour  without  consuming  much  time,  ami 
involving  the  frequent  reheating,  iukI  consequent 
deterioration,  of  the  metal  (tig.  D2). 


Fio.  92. 
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4.  Vertical  Drilling  Mitchinct. — Two  machines 
of  this  class  were  exhibited.  The  larger  machine 
lias  a  2J-inch  spindle,  and  is  adapted  for  drilling 
or  boring  a  4-inch  hole  12  inches  deep;  it 
admits  an  object  42  inches  in  diameter.  The 
driving  cone-pulley  Is  double -geared,  and  the 
whole  of  the  gearing  is  placed  within  the  frame. 
The  vertical  feed  for  the  drill-spindle  is  com- 
municated through  a  screw,  which  is  a  sejiarate 
continuation  upwards  of  the  drill-spindle,  and 
connected  with  it  like  the  ordinary  rack-feed,  so 
that  the  spindle  may  revolve  while  the  screw  is 
retained  stationary  by  the  aid  of  a  feather  work- 
ing in  a  slot.  A  nut  on  the  screw  l)eing  turned 
by  gearing,  the  drill  descends  without  any  of  the 
irregularity  or  play  incidental  to  the  rack-feed. 
The  motion  for  the  feed  is  derived  from  the  conc- 
apindle  at  the  Imck  of  the  frame,  with  a  pair  of 
small  cone-pulleys  turning  a  worm  which  works 
un  npright  shaft  near  the  drill  spindle,  from 
which  the  nut  is  turned  by  means  of  spur-wheels. 
The  spindle  turns  in  adjustable  conical  lx-arings, 
by  means  of  which,  play  or  looseness  of  the 
spindle  in  its  bearings  may  be  token  up.  The 
table  is  grooved  on  the  top  for  fixing  objects, 
and  is  capable  of  sliding  vertically  on  the  frame 
for  convenience  in  placing  objects  upon  it  by  self- 
acting  means ;  a  motion  fin-  this  purpose  being 
derived  from  the  feed-worm  shaft  by  licvil  gearing, 
to  turn  a  vertical  screw  placed  in  front  of  the 
frame,  working  through  a  nut  let  into  the  table. 
The  table  is  arranged  to  swivel  horizontally, 


so  as  to  allow  of  larger  objects  lieing  placed 
on  the  sole-plate  of  the  machine.    The  machine 
is  compact  and  self-contained  (fig.  93,  page  142). 
The  smaller  drilling  machine  1ms  a  2  \ -inch 
spindle ;  it  drills  or  bores  a  2-inch 
hole  to  a  depth  of  7  inches,  and 
receives  an  object  34  inches  in 
diameter.    In  general  design  it 
is  similar  to  the  larger  machine; 
but  it  has  only  single  driving- 
geiir,  with  a  four-speed  cone,  and 
the  table  Is  raised  or  lowered  by 
means  of  a  screw  and  handle. 

5.  J  ndejjendeiU  Radial  Drilling 
Machine. — In  this  machine  tho 
radial  frame  revolves  on  the 
central  column,  the  jib  sliding 
Vertically  on  a  tube  or  jacket 
which  invests  the  column  for  the 
greater  |«irt  of  the  height,  and 
obtains  ample  1  tearing  at  the  top 
and  the  foot.  The  jib-frame  may 
be  swung  right  round  the  circuit, 
excepting  the  interval  occupied 
by  the  driving  belts,  and  the 
drill-spindle  commands  a  radius 
of  from  2  feet  7  inches  to  G  feet, 
measured  to  the  centre  of  tho 
column.  The  drill  is  worked  by 
a  four-sj)cede<l  cone-pulley  fixed 
on  the  ltiise-platc ;  the  spindle 
enters  the  column  and  turns,  by  a  pair  of  mitre 
wheels,  an  upright  shaft  passing  through  the  top 
of  the  column  ;  from  this  shaft,  the  power  is 
brought  down  the  face  of  the  jib-slide  by  an 
exterior  shaft  driven  by  spur-gear  at  the  top  of 
the  column,  and  is  taken  off  horizontally  by 
means  of  mitres  by  a  shaft  extending  behind 
the  drill-frame  to  the  end  of  the  jib.  To  faci- 
litate this  arrangement,  the  jib  is  made  of  a 
Isjx  or  hollow  form,  uniting  strength  and  stiff- 
ness with  s}»ace  for  the  horizontal  shaft.  But 
the  power  is  to  be  transmitted  from  this  shaft  to 
the  drill-spindle,  which  is  done  through  a  short 
intermediate  shaft  carried  by  the  drill-frame,  by 
means  of  a  pair  of  spurs  and  a  jtair  of  mitres. 
On  this  plan,  tho  necessity  for  a  telescopic  shaft 
is  avoided,  and  the  power  is  brought  to  the  front 
by  the  pair  of  spurs  and  the  intermediate  shaft. 
From  the  intermediate,  a  motion  is  derived  for 
the  vertical  feed  of  the  spindle,  8  inches  in  extent, 
by  means  of  small  three-sjweded  cones,  worm, 
spur -gear,  and  screw,  similar  to  the  screw-feed 
employed  in  the  vertical  drilling  machine.  The 
spindle  works  in  adjustable  conical  bearings. 
The  horizontal  traverse  of  the  spindle  is  derived 
from  a  screw  fixed  in  front  of  the  drill-frame,  on 
which  a  nut  is  traversed  by  mitres  and  a  hand- 
wheel.  Thus,  both  the  hand-wheels  for  the  hori- 
zontal and  the  vertical  motions  of  the  spindle,  are 
brought  conveniently  close  to  the  workman,  one 
on  each  side  of  the  spindle.  The  jib  itself  may  be 
raised  or  lowered  by  jxjwer,  by  means  of  a  screw  on 
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Fig. 63. 


working  simultaneously  with  a  tra- 
velling hcadstock  which  carries  the 
drill,  the  object  of  the  compound 
motion  lx'ing  to  cut  a  slot  or  parallel - 
hided  hole,  in  a  piece  of  metal.  The 
exhibitors  have  the  merit  of  success- 
fully introducing  and  maturing  this 
c1h.sk  of  machine-tools  as  standard  ma- 
chines, and  of  bringing  them  into 
general  use. 

The  cutter  or  drill  is  of  a  form 
slightly  differing  from  those  used  for 
ordinary  drilling ;  the  stem  is  cylin- 
drical, to  provide  the  needful  stiff- 
ness to  resist  the  severe  lateral  strain 
of  a  lateral  cut.  It  is  fixed  in  and 
revolves  with  a  spindle,  which  is 
driven,  and  has  a  descending  feed- 
motion,  as  in  ordinary  drilling  ma- 
chines. The  headstock  which  carries 
the  spindle  is,  at  the  same  time,  made 
to  reciprocate  or  traverse  alternately 
for  the  horizontal  feed,  on  its  bed,  by 
a  motion  from  a  horizontal  slotted 
due  with  a  connecting-rod,  derived 
like  that  of  the  ram  of  a  slotting  ma- 


Vibi  it xh  DiiLLi.to  Sljiuiat',  l>y  Messrs.  Sharp,  Stewart,  1  Co. 


the  lower  end  of  the  outer  upright  shaft,  with 
which  it  may  be  engaged  and  disengaged  by 
means  of  a  hand- lever. 

The  base-plate  is  limited  in  size,  and  is  not 
extended  under  the  jib ;  it  is  intended  by  the 
exhibitors  to  stand  on  a  stone  foundation. 

6.  Slot-drilling  Machine*.  —  These  machines 
present  the  contrivance  of  a  descending  drill, 


line  ;  with  this  important  difference, 
that  the  velocity  of  traverse  is  nearly 
equalised  or  rendered  uniform,  and  the 
cuts  are  nearly  equal  from  end  to  end 
of  the  slot,  by  the  intervention  of 
eccentric  spur-gear.  The  descending 
feed  is  given  when  the  drill  arrives 
at  each  end  of  the  traverse.  The  lied 
of  the  machine  is  similar  to  that  of  a 
shaping  machine,  and  the  table  is 
tixed  in  the  same  way,  l>eing  adjust- 
able vertically  and  horizontally. 

Tlie  slut -drilling  machine  is  useful 
not  only  for  cutting  slots,  but  also 
for  cutting  key-ways,  forked  ends,  and 
oil-cup  for  lubricators  out  of  the  solid 
metal,  or,  finally,  for  ordinary  drilling. 

Three  different  nui- 
chines  were  exhibited  : — 
first,  the  ordinary  single- 
headstock  machine,  ca- 
llable of  making  one  slot 
at  a  time,  G  inches  long, 
4  inches  deep,  and  J  inch 
wide,  in  objects  of  mode- 
rate size  (fig.  94) ;  second, 
a  single- headstock  ma- 
chine for  s|>ecial  large 
work,  capable  of  making 
one  slot  13  inches  long,  11',  inches  deep,  and 
4 \  inches  wide  (tig.  95,  page  14*4);  third,  a  double- 
headstock  machine — with  two  independent  head- 
stocks — to  make  two  13-inch  slots  at  once  in 
long  objects. 

7.  Bolt  and  -VW  Screwing  Machines. — In  these 
machines,  which  are  on  Seller's  patent,  the  bolt  to 
be  screwed  is  stationary,  and  the  cutting  die* 
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revolve, — a  motion  the  reverse  of  that  of  or- 
dinary machines.  The  principal  feature  in  the 
machine  is  the  conical  form  of  the  dies,  which  are 
funnel-mouthed  or  widened  at  the  entrance  by 
cutting  away  the  threads  so  as  to  receive  the 
entire  bolt  and  finish  the  screw  at  one  cut.  No 
reverse  or  backward  motion  through  the  dies  is 
required,  the  bolt  being  released  by  the  with- 
drawal of  the  dies  at  the  termination  of  the  cut. 

There  are  three  dies,  movable  radially  in  a 
box ;  they  make  three  successive  cuts  into  the 
bolt,  one  cut  to  each,  so  that,  in  cutting  a  screw, 
the  bolt  is  finished  in  one  pass  through  the  dies 
by  three  cuttings  made  simultaneously, — the 
second  and  third  cuts  successively  deeper  than 
the  first.  The  dies  being  disengaged  radially, 
the  holt  is  free  to  be  withdrawn  without  lx;ing 
reversed  and  unscrewed  out  of  the  dies  as  in 
other  processes,  by  which  they  are  saved  from 


Fio 


8lot-»«ii  i  i.nu  am>  GiuOvikg  M .it him:,  by  Mc*«r».  8Wp,  Stewart,  &  Co. 


back  wear.  The  dies  are  held  in  place  for  screw- 
ing, by  cams  on  a  cam-plate  revolving  at  the  same 
Bpeed  as  the  die-box,  and  they  are  re  leaned  by 
causing  the  cam-plate  to  over-run  the  die-box, 
which  is  done  by  engaging  the  spur-wheel  which 
carries  the  cam-plate  with  a  pinion  on  the  first 
motion  shaft,  put  in  gear  by  a  friction-cone  and 
hand-lever.  By  means  of  this  differential  motion, 
the  cams  act  upon  and  withdraw  the  dies  from 
the  bolt.  The  head  of  the  holt  is  held  between 
two  blocks  forming  a  vice,  with  segmental 
openings,  which  are  mutually  hrought  together  by 
two  screwed  bolts,  one  tapped  into  each,  turned 
in  unison  by  a  hand-wheel  and  a  ]>air  of  small 
spurs.  The  die-stock  or  box  slides  with  a  long 
bearing  on  a  cast-iron  trough-bed,  planed.  The 


bed  holds  oil  and  cuttings,  and  the  dies  are 
lubricated  hy  dipping  into  the  oil.  At  the 
commencement  of  the  cut  the  bolt  is  forced  into 
the  dies  by  the  aid  of  a  rack  cast  on  each  side 
of  the  bed,  and  a  hand-ratchet.  The  dies,  once 
set,  do  not  require  further  adjustment  until 
another  size  of  bolt  is  to  be  screwed. 

Four  sizes  of  this  machine  were  exhibited, 
capable  of  screwing  from  ]  inch  to  3  inches  in 
diameter  (6g.  96,  page  145). 

8.  Punching  and  Shearing  Machine. — This 
machine  is  designed  for  punching  holes  up  to 
\\  inches  diameter  in  l|-inch  plates,  and  for 
shearing  11-inch  plates.  It  is  made  witli  com- 
pound driving  gear  to  reduce  the  speed  for  the 
main  shaft  by  two  stages,  and  the  shearing  slide 
is  placed  obliquely  to  admit  of  bars  being  cut  off 
at  any  length.    The  frame  is  a  hollow  or  box 

casting  in  one  piece,  in  a  form 
of  great  strength.  The  first- 
motion  shaft  is  placed  at  the 
top  with  a  fly-wheel,  and  the 
intermediate  and  main  shafts 
are  placed  directly  below  it 
with  solid  l>earings  within  the 
frame.  The  main  shaft  works 
the  punch  at  one  end  and  the 
shears  at  the  other,  with  alter- 
nate movements,  by  means  of 
eccentrics  formed  solid  on  the 
shaft  and  working  within  lx>x- 
shaj>ed  slides,  in  each  of  which 
the  eccentric-strap  bears  upon 
the  upper  side  to  lift  it,  and 
ujKin  a  block  of  steel  resting 
on  the  l>ott<mi  of  the  slide,  to 
push  it  down.  By  tho  tcm- 
jiorary  removal  of  this  block 
of  steel,  for  which  a  simple 
hand-lever  is  provided,  the 
punch  may  be  disengaged  in- 
stantly. The  die  of  the  lower 
knife  of  the  shears  and  that 
of  the  rest  lieneath  the  punch 
arc  held  by  projections  of  the 
frame,  and  the  whole  appa 
ratus  is  self- contained,  and 
works  independently  of  foundations.  The  base 
of  the  frame  is  confined  at  the  extremities  for  the 
convenience  of  the  attendant  in  placing  his  feet, 
and  is  sufficiently  spread  in  the  middle  to  afford 
a  steady  Intend  support  for  the  frame.  The 
oblique  position  of  the  shears  is  a  feature  worthy 
of  notice,  for  the  convenience  of  admitting 
long  lengths  of  bars  or  narrow  plutes  to  be  placed 
and  cut  off  in  the  machine.  The  punch  and  tho 
shears  are  each  placed  at  18  inches  clear  of  the 
frame  horizontally  (fig.  97,  pago  145). 

9.  Painting  Machine. — This  machine  Is  de- 
signed for  painting  tho  edges  and  surfaces  of 
planks,  whether  plain  or  moulded.  A  reservoir 
of  paint  is  placed  at  the  upper  part,  containing 
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four  cast-iron  rollers  serving  to  distribute  the 
jiaint  over  four  cylindrical  brushes,  making 
50  revolutions  per  minute,  and  arranged  in  two 
pairs,  between  which  the  planks  to  be  coated  are 
jiassed  like  iron  plates  in  a  rolling  mill.  The 
brushes  leave  an  excess  of  paint  on  the  plank  ; 
the  excess  is  removed  and  the  paint  more  evenly 
distributed  by  passing  the  plunk  between  a  pair 


of  smooth  flat  elastic  brushes.  The  machine 
works  effectively  and  rapidly,  coating  80  feet 
lineal  per  minute ;  it  can  be  well  adapted  to  the 
painting  of  iron  surfaces.  The  successful  sub- 
stitution of  revolving  brushes  for  the  reciprocating 
hand-brush,  is  a  simple  but  forcible  example 
of  the  mechanical  advantage  of  continuous 
circular  movements  in  doing  work. 


DotBLl-ciintD  Fl.OT-Di: u  :xo  ami  nou*o  MiCin**,  for  hrmr  Stationary  »nd  Marine  Iincinr-work, 

bj  Meaars.  Sharp,  Stewart,  &  Co. 


10.  Water- Injector. — The  principle  of  action 
of  the  Water- injector  has  already  been  noticed  at 
jotge  26,  and  little  more  is  required  to  be  said 
of  the  principle  or  the  details  of  construction,  as 
the  ap]>aratus  is  very  well  known.  It  is  an 
instrument  invented  by  M.  Giffard,  of  Paris, 
for  introducing  fcedwater  into  boilers  by  means 


of  a  jet  of  steam  entering  an  annular  stream 
of  water,  and  communicating  to  it  sufficient 
speed  and  force  to  cause  it  to  overcome  the 
pressure  in  the  boiler.  The  injector  has  been 
found  to  act  well  on  land  and  at  sea,  even 
when  subjected  to  rough  usage,  and  the  incrus- 
tation consequent  on  the  use  of  salt  water 
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is  not  found  materially  to  interfere  with  its 
action.  The  damage  done  to  feed-pipes,  par- 
ticularly hi  frosty  weather,  by  pumjxs,  disappears 
with  the  application  of  the  injector.  It  is  ser- 
viceable under  a  great  variety  of  circumstances, 
and  is  subject  to  very  little  wear  and  tear.  It 
will  work  at  any  pressure  of  steam,  and  being 
independent  of  engine  power,  is  useful  for  filling 
the  boiler  when  the  engine  is  standing,  or  in 
connection  with  l>oilers  when  no  engine  is  em- 
ployed near  them;  as,  for   example,  at  the 


International  Exhibition,  where  the  injector 
supplied  with  jjerfect  regularity  the  feedwatcr 
for  the  steam  boilers  which  supplied  the  steam 
for  the  machinery  in  motion  in  the  Western 
Annex  during  the  whole  period  of  six  months. 
Many  other  illustrations  of  the  application  of 
the  injector  were  exhibited.  Injectors  are 
made  of  from  two  to  twenty  six  millimetres, 
or  from  the  twelfth  of  an  inch  to  one  inch 
diameter  of  tho  nozzle,  into  which  the  feed- 
btreain  enters  (fig.  98). 


Fio.  W. 


Qu* aid's  Wim-UiJitto*,  bj  Hewn.  Slurp,  Stewart,  &  Co. 


CHAPTER  IV. 

MACHINE-TOOLS    EXHIBITED  BY   MESSRS.  BEYER, 
PEACOCK,  AND  CO.,  MANCHESTER. 

Messrs.  Beyer,  Peacock,  <fc  Co.,  exhibited  two 
large  tool* — a  wheel-lathe  and  a  frame-drilling 
machine — which  give  evidence  of  tho  same  clear 
perception  of  the  requirements  in  tho  construc- 
tion of  a  machine,  and  the  masterly  detail  and 
workmanship,  which  are  manifested  in  the 
locomotive  engine  exhibited  by  them. 

1.  Double  Face-piuie  Latlie. — The  bed  of  this 
lathe  is  16  inches  deep,  and  very  strongly  pro- 
portioned. It  is  placed  upon  four  transverse 
cast-iron  beams  or  girders,  which  rest  on  the 
foundation.  The  face-plates  are  7  feet  6  inches 
in  diameter,  for  turning  and  boring  wheels  and 
tires  up  to  7  feet  in  diameter.  The  lathe  is 
similar  to  a  latho  constructed  by  Mr.  Beyer, 
and  exhibited  in  1851,  with  some  improve- 
ments in  addition.  The  novel  features  of  the 
lathe  exhibited  in  1851,  existed  in  placing 
the  driving  pinion-shaft  below  the  surface  of  the 
Iwse-plate  ;  the  introduction  of  a  cone-pulley  on 
a  buck  shaft,  with  single  gearing  to  the  fast 
headstock,  and  the  self-action  of  tho  compound 
slide  and  lxning  rests  by  means  of  chains  or 
bands  worked  from  the  head -gear.  Tho  lathe 
exhibited  in  1862,  contains,  in  addition  to  these 
improvements,  a  third  cone-pulley  on  a  back 
shaft  for  tho  following  or  shifting  headstock, 
and  an  improved  boring  bar  and  rest. 

By  the  application  of  indej>en«leiit  four  speed 
cones  to  the  headstocks,  one  or  both  face-plates 


may  bo  engaged  for  boring  or  turning  separately. 
The  third  cone,  also  of  four  speeds,  is  hung  on 
a  back  sliaft  with  bearings  on  one  of  the  head- 
stocks,  to  turn  by  means  of  a  pinion  and  wheel 
the  driving  shaft  below,  with  sliding  pinions 
for  the  slow  motion  of  the  face-plates.  The 
face-plate  spur-wheels  aro  cast  solid  on  the  backs 
of  the  face-plates,  with  exterior  teeth.  The 
bearings  of  the  lathe-spindle  are  made  in  two 
pieces,  the  lower  halves  l)eing  turned,  and  the 
head-stocks  bored  to  receive  them  ;  the  upper 
halves  are  square.  The  cutter-rests,  or  tool- 
rests,  are  distinguished  for  their  widely-set 
sliding  surfaces.  The  boring  bar  works  in  a 
split  brass  bush  in  the  nose  of  the  lathe-spindle  ; 
and  is  guided  by  the  boring-rest,  which  is  a  cast- 
iron  stand  on  the  baseplate,  in  which  it  has  a 
iMjaring,  and  is  prevented  from  turning  round 
by  a  key  sliding  in  a  groove  in  the  bar.  The 
feed  of  the  boring-bar  is  given  from  a  screw 
working  in  a  nut  on  the  stand  ;  a  ratchet-wheel 
is  fixed  on  the  screw,  and  is  turned  by  means 
of  a  click,  worked  by  an  overhead  motion,  by 
which  motion  the  screw  is  advanced  and  pushes 
forward  the  boring-bar.  The  screw-nut  is  bedded 
into  a  carrier  fixed  to  the  stand  with  slot-holes, 
so  that  it  may  be  lowered,  aud  the  screw  and 
nut  set  free  to  allow  of  the  boring-bar  being 
taken  out  endways. 

2.  Frame-drillittg  Machine. — This  machine  is 
specially  adapted  for  locomotive  work,  as  frame- 
plates  and  tube-plates,  and  is  illustrated  bv 
Plate  XVIII.  It  has  a  long  bed,  25  feet  in  length, 
and  5  feet  4£  inches  broad,  which  Ls  planed  from 
end  to  end,  and  carries  three  or  more  boring 
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heads,  placed  across  the  bed,  with  bearings  on 
the  edges,  and  movable  longitudinally.  Each 
of  the  three  heads  shown  in  the  illustration 
carries  a  vertical  drilling  spindle  on  a  carriage 
with  a  transverse  sliding  motion  on  the  head. 
Thus,  the  whole  surface  of  the  bed  is  commanded 
by  the  longitudinal  and  transverse  motions,  and 
an  object,  2o  feet  long  and  5  feet  wide,  may  be 
drilled  at  any  point.  The  three  drills  are  driven 
by  a  common  driving  shaft  running  along 
the  bed  J  from  which  the  motion  Is  taken 
mitres  and  a  pair  of  three-speed  cones  to 
head,  of  which  the  upper  cone  is  fixed  on  the 
end  of  a  transverse  shaft  within  the  cross-head, 
from  which  the  drill-spindle 
is  driven  by  gearing.  The 
vertical  feed  is  self-acting, 
and  may  be  worked  by  hand. 
The  lower  cone-pulleys  are 
framed  so  as  to  swivel  upon 
the  longitudinal  shaft,  for 
which  a  handle  is  provided  ; 
and  the  belt  may  be  slackened 
and  thro  wn  oil"  either  of  them, 
and  the  drill  stopped,  by 
throwing  up  the  cone. 

The  application  of  this 
three-headed  drilling  ma- 
chine to  the  drilling  of  the 
side  frame-plates  of  locomo- 
tives is  obvious  ;  one  head 
may  be  devoted  to  each  axle- 
guard.  But  it  is  equally 
applicable  for  accurately  dril- 
ling holes  in  any  other  piece 
of  work  in  straight  lines, 
and  in  lines  at  right  angles 
to  each  other.  It  also  saves  labour  in  drilling 
large  object*  by  bringing  the  drill  to  ita  work, 
instead  of  moving  the  work  to  the  drill  ;  and  it 
saves  time  also  in  bringing  as  many  chills  to  bear 

xvnih)C  °b^ect     my  ***  mluirctL  <Plate 


1 .  Screw-cutting  and  Sliding  Lathe. — This  is  an 
8^-inch  lathe,  with  a  guide-screw  for  sliding  and 
screw-cutting,  and  a  rack  for  quick  traverse  by 
hand.  It  has  a  four-speed  cone,  with  conical 
l>earings,  lock-nuts,  and  a  tail-pin.  The  back 
shaft  slides  longitudinally  out  of  gear.  The 
tail-pin  is  permanently  set  in  a  bracket  cast  on 
the  end  of  the  headstock,  and  the  motion  for 
the  change-wheels  is  taken  off  the  end  of  the 
cone-spindle  by  carrier-spurs,  of  equal  diameter, 
on  a  short  intermediate  shaft,  supported  by  the 
tail-pin  bracket  (tig.  99). 

2.  "Singlc-gpeed"  Lat/te.—  This  lathe  has  a 
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MACHINE-TOOLS 


EXHIBITED  BY 
MANCHESTER. 


MR.  J.  8.  HULSE, 


Mr.  Hulse  exhibited  a  selection  of  tools  of  ex- 
cellent workmanship,  chiefly  of  small  dimensions. 


Lathi,  by  llr.  J.  S.  Hulw, 


F&AinXa  lUciUSli,  by  Mr.  J.  8. 


G^-inch  centre,  with  a  five-sjieed  cone  and  a  toil- 
pin.    It  has  not  back  gear. 

3.  Planing  MacJUite. — This  machine  planes 
7  feet  long,  by  2£  feet  wide,  and  the  same  height. 
The  table  is  driven  by  a  rack-and-pinion  motion 
from  side  spur-gearing.  The  self-acting  traversing 
and  horizontal  feed-motions  are  simply  arranged. 
A  pair  of  ratchets  are  liinged  on  a  pivot,  carried 
by  a  rocking  bracket  on  the  traversing  screw- 
shaft  as  a  fulcrum,  to  which  the  feed-motiou 
from  the  table  is  communicated ;  one  or  other 
of  the  ratchets  being  engaged  with  spurs  on  the 
traversing  screw,  or  the  transverse  shaft  for  the 
vertical  feed.  The  upright  shaft,  which  brings 
up  tho  feed  from  the  table, 
is  continued  to  the  top  and 
gears  with  the  horizontal 
shaft,  which  works  into  the 
vertical  screws  that  control 
the  transverse  slide  (fig.  100). 

A  moving  cutter- frame 
is  exhibited,  which  may  be 
fixed  to  the  table,  to  move 
with  it,  for  planing  a  station- 
ary object  fixed  to  the  side 
of  the  bed. 
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4.  Shaping  Machine. — This  Ls  a  small  tool, 
with  3^-inch  stroke.  The  driving-pulley  is 
made  heavy  to  act  as  a  fly-wheel. 

5.  Bench  Slotting  Machine. — This  tool  has  a 
4-inch  stroke  ;  it  has  a  three-speed  cone,  over- 


do. 101. 


cones  at  the  back  of  the  frame,  with  worm 
and  spur  gear.  The  spindle  works  in  cylin- 
drical bearings  with  caps.  The  table  is  ele- 
vated by  means  of  a  rack  and  pinion,  and 
worm  gear;  it  lias  also  two  traversing  slides 
(fig.  102). 

Flo.  103. 


Bsscb  Slottho  Miciui,  by 
Mr.J.B.Hube. 

hung  on  the  spindle,  without 
back  gear  ;  the  ram  works  in  one 
long  slide.  The  disc  is  overhung. 
The  feed  is  taken  from  a  vertical 
cam  on  the  disc-shaft,  with  a 
spring  to  keep  the  feed-lever  in 
contact  with  the  cam  (fig.  101). 


6.  Vertical  Drilling  Mac/tine. — 
This  drill  has  a  1  J-inch  spindle, 
with  a  four-speed  cone  and  back  gear,  —  the 
back  shaft  being  placed   in  bearings  at  one 


Fl0.  10J. 


Vmiicil  Deilliru  Macuixk,  by  Mr.  J.  S.  IIu1m>. 


IS 


side  of  the  frame.     A  rack -spindle  feed 
applied,  and  is  worked  from  a  pair  of  small 


Hiliul  Dbilukg  a.mj  BoBlxo  MicuiHB,  by  Mr.  J.  9.  HuUe. 


7.  Radud  Drilling  and  Boring  Macltine. — The 
sole-plate  of  this  machine,  which  has  a  jib  of 
only  4  feet  6  inches  radius,  Ls  cast  with  u 
raised  circular  platform  at  one  end,  to  which 
the  standard  Ls  bolted  The  jab  is  hung  on 
pivots  in  a  bracket,  which  slides  on  the  face  of 
the  standard,  and  the  drill-spindle  Ls  driven  from 
a  (bur-speed  cone,  overhung  behind  the  frame, — 
the  jK)wcr  being  taken  by  spur  and  mitre  gear- 
ing off  a  horizontal  shaft,  situated  above  the  jib, 
and  passing  behind  the  drill  carriage.  The  feed 
Ls  self-acting,  with  a  hand-wheel,  and  rack- 
spindle  motion.  The  jib  Ls  elevated  by  hand, 
with  a  spur  and  worm-wheel  motion  (fig.  103). 

v».  10*. 

8.  Punching 
and Shearing  Ma- 
chine.— ThLs  Ls  a 
small  portable 
machine,  on 
wheels,  to  punch 
§-inch  holes  in 
i-inch  plates. 
The  punching 
and  shearing  dies 
are  fixed  one  over 
the  other  in  a 
vertical  slide, 
which  Ls  driven 
by  a  wheel  and 


l'OBTABLI  PlUCBlNO  ABD  SkB.IBIBG 

Miciuai,  by  Mr.  J.  8.  Hub*, 
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pinion,  with  a  fly-wheel,  on  overhung  bearings 
It  may  be  turned  by  hand  or  by  power  (fig.  101), 


9.  Four-cwt.  Steam  Hammer. — This  is  an  ordi- 
nary double-acting  hammer  worked  by  hand. 

Fio.  10S. 


BiLr-ACTlKO  Foot  Imtjie,  hj  Me»ra.  Wm.  Mnir  k  Co.,  Manchester.   (l'»ge  110.) 

Fio.  100. 


8nr-ACmro  8t.rutno  hid  Sciiw-ccttiho  Latur,  by  Mrsan.  Wm.  Mnir  &  Co.   (Page  150.) 
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CHAPTER  VI. 

MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  WILLIAM 
MUIR  AND  CO.,  MANCHESTER. 

Messrs.  Muir  (k  Co.  exhibited  a  Reries  of  good 
ordinary  tools,  without  pretension  to  elegance  or 
fashion,  plain  in  outline,  hard  in  style,  good  in 
workmanship,  original  and  sometimes  happy  in 
detail,  but  occasionally  overdone,  and  withal 
a  quaint  originality  and  independence  of  treat- 
ment which  command  respect. 

Fio. 


1.  Self-acting  Foot-lathe.  —  This  lathe  has 
8-inch  centres;  it  has  four  treddles,  and  i* 
designed  particularly  for  use  on  board  of  steam 
vessels,  for  the  colonies,  and  elsewhere,  where 
labour  is  cheap.  The  cone-spindle  has  conical 
stee  1  bearings,  and  the  lathe  is  fitted  with  a  screw 
and  change  wheels  for  sliding  and  screw  cutting, 
(fig.  105,  page  H9). 

2.  Self-acting  Sliding  and  Screw-cutting  Latlic. 
One  of  these  lathes  is  made  with  12-inch  centres, 
double  geared ;  it  has  a  guide-screw  in  front  of 

.  107. 


6*Lr-iCTDfO  Bmdeto  axd  Scbiw-ccttiwo  Lathi,  by  Meun.  Wm.  Mttir  &  Co.   (P»;;9  151.) 


the  bed,  worked  by  change  wheels  for  cutting 
screws  and  sliding,  the  guide-screw  being  en- 
gaged and  discnpigcd  by  a  damp  nut;  and  a 
rack  and  pinion  for  quick  return  by  hand.  There 
is  also  a  reversing  motion,  by  means  of  which 
right  and  left  baud  screws  may  be  cut  without 
changing  the  wheels.    The  cone-spindle  has  cast- 


steel  conical  bearings.  The  transverse  feed- 
screw of  the  slide  for  advancing  the  cutter  has 
a  graduated  disc  fixed  upon  the  end  of  it,  by 
which  the  attendant  may  regulate  the  depth  of 
cut,  and  it  has  a  quick  drawback  screw  on  the 
same  axis  for  withdrawing  the  cutter.  The 
lever  by  which  the  drawback  screw  is  secured 
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when  the  cutter  is  in  action,  is  held  in  its  place 
by  a  spring  to  prevent  the  pressure  of  the  cut 
forcing  back  the  cutter  (fig.  10G,  page  149). 

The  other  is  a  7-inch  lathe,  similarly  mounted 
(fig.  107,  page  150). 

3.  Ifand-planing  Machine. — This  little  ma- 
chine is  designed  for  the  use  of  philosophical 

Km. 


instrument  makers  for  planing  metal  work  from 
^  inch  to  15  inches  long,  15  inches  wide,  and 
12  inches  deep.  It  has  a  self-acting  surfacing 
motion,  and  is  worked  by  a  continuous  rotary 
motion  with  a  pair  of  elliptic  wheels,  which  pro- 
duce a  nearly  uniform  cutting  motion,  and  a 
quick  return  motion  of  the  table  at  treble  the 
cutting  speed  (fig.  108). 

1<W. 


/ 


lii.iD-msisii  MiCBlHI,  by  Messrs.  Wm,  Muir  k  Co. 


4.  Self-acting  Sfiaping  Machine. — One  nia- 
cliine  was  exhibited,  having  a  maximum  stroke 
of  6  inches,  with  24  inches  of  traverse,  and 
adapted  for  shaping  circular  work  up  to 
12  inches  in  diameter.  The  ram  is  peculiar  in 
section  ;  unlike  Others,  it  is  a  flat  bar  on  edge, 
sliding  in  adjustable  "  vee"  bearings  at  top  and 
bottom,  and  is  encased  in  the  headstock  by 
which  it  is  carried.  The  motion  is  taken  from 
a  revolving  stud  in  the  side  of  the  driving 
spur-wheel,  which  works  in  a  vertical  slot  formed 
in  a  piece  fixed  on  the  side  of  the  ram.  Thus 
a  compact  and  nearly  direct  connection  is  ob- 
tained without  the  use  of  a  connecting  rod.  The 
table  is  fitted  with  a  vice  to  fix  work  for  planing, 


and  a  double-cone  spindle,  with  a  stay  at  the 
outer  end,  for  circular  work  (fig.  109,  page 
152). 

5.  Self-acting  Slotting  Machine. — This  machine 
has  a  maximum  stroke  of  6  inches,  and  tukes  in 
a  wheel  3  feet  in  diameter.  The  power  is  de- 
livered from  a  four-speed  cone  tlirough  a  pinion 
and  wheel  to  the  usual  slotted  disc,  the  disc  and 
the  spur-wheel  being  cast  in  one  piece.  The  ram 
works  in  two  separate  slides.  The  feed-motion 
is  taken  from  a  vertical  slotted  cam  on  the  disc 
shaft  by  a  connecting  rod,  and  works  the  trans- 
verse and  circular  slides  j  the  longitudinal  feed 
is  worked  by  hand  (fig.  110,  page  153). 
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6.  Self-acting  Vertical  Drilling  Machine.— This 
machine  is  designed  for  drilling  and  boring  up 
to  6  inches  diameter,  and  10  inches  deep.  It 
has  a  four-speed  cone  with  back  gear.  The 
spindle  is  balanced  and  lifted  by  a  counter- 

Fio.  1<W. 


bores  up  to  10  inches  in  diameter  and  15  inches 
depth,  and  admits  tin  object  9  feet  high.  The 
extreme  radius  is  9  feet,  through  an  arc  of  190°. 
The  sole-plate  is  of  great  length,  grooved  and 
planed.  The  standard  is  a  well-fortified  hollow 
casting  t>olted  to  it,  and  it  carries  the  jib 
and  jUhframc  on  a  vertical  slide,  on  which 
they  are  elevated  by  means  of  an  upright 
screw,  nut,  worm  and  hand  wheel.  The 
jib  turns  in  bearings  on  the  bracket,  and 
the  spindle  derives  its  motion  from  the 
back  -  geared  cone  behind  the  standard 
through  mitre-gear  and  a  telescopic  hori- 
zontal shaft.  The  spindle  has  a  rack-feed, 
and  is  traversed  on  the  jib  by  a  screw 
and  hand-wheel  at  the  extremity  of  the  jib. 
The  bracket  carrying  the  driving  cone  is  a 
counterfort  to  the  standard,  and  a  ladder- 
like  frame  of  enormous  strength  is  super- 
impose! upon  the  counterfort  (not  shown 
in  the  illustration),  to  carry  the  intermediate 
driving  shaft  (tig.  113,  page  156). 

8.  Screwing  Tackle. — The  dies,  of  which 
there  are  two,  for  screwing  bolts,  <fcc,  are  so 
formed  that  one  acts  as  a  guide  and  the 
other  as  a  cutter.  They  are  cut  with  a 
master-tap  of  a  larger  diameter  tlian  that  of 
the  screw  formed  by  them, — larger  by  as 
much  as  the  depth  of  one  thread.  The 
taps  are  formed  with  three  Hutes  or  grooves 
to  form  three  cutting  edges,  which  are  in 
radial  lines  from  the  centre  of  the  tap.  The 
vertical  angle  of  the  threads  in  section  is 
55°  for  all  diameters,  rounded  at  the  top 
and  the  bottom  (fig.  114,  page  156). 


9.  Double  Grindstone*.  —  These  stones 
are  Intended  to  grind  each  other  true. 
They  may  Ikj  adjusted  by  means  of  right 
and  left  screws  ;  and,  a  lateral  motion  being 
communicated  by  cams  to  one  of  them, 
the  surfaces  of  the  stones  are  preserved  true 
and  even,  and  facilitate  the  accurate  grind- 
ing of  cutters  (tig.  115,  page  157). 
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ington  are  to  be  remarked  for  their  good 
solid  workmanship  and  proportions. 


weight  acting  through  a  chain  ;  it  has  a  rack- 
feed.  The  table  swivels  on  pivots  in  a  carriage 
which  slides  on  the  frame,  and  is  elevated  by 
means  of  a  worm  and  worm-wheel  motion  ajv- 
plied  to  a  rack  and  pinion  (tig.  Ill,  page  154). 

A  lien cli  drilling  machine,  to  drill  £  inches 
diameter,  by  hand  or  power  (fig.  112,  page  155). 

7.  Self-acting  Radial  Drilling  Machine. — This 
machine  is  of  gigantic  proportions.  It  drills  and 


1.  Self-acting  Slide  and  Screic-cutting  Lathe. 
— This  is  a  12-inch  lathe,  with  a  guide-screw 
employed  for  cutting  screws,  and  also  for  sliding. 
The  screw  is  embraced  by  a  pair  of  half-nuts 
attached  to  the  slide,  put  out  of  or  into  gear  by 
a  hand-lever  at  the  front.  A  rack  is  also  applied 
in  front  of  the  bed,  for  the  purpose  of  tra- 
versing the  slide  by  hand.    The  advance  of  the 
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cutter,  to  take  the  proper  depth  of  cut  for 
sliding  or  for  Bcrew-cutting,  is  defined  by  means 
of  a  small-toothed  detent  wheel  on  the  screw,  with 
a  spring  pall  ;  and  there  is  a  quick  return  to 
withdraw  the  cutter,  by  means  of  a  quick-thread 
screw-bush,  on  the  same  shaft,  of 
which  hulf  a  turn  is  sufficient.  A 
self-acting  motion  is  applied  to 
stop  the  lathe,  by  throwing  off 
the  belt  when  the  slide  is  allowed 
to  traverse  too  far  in  cither  direc- 
tion. The  cone-spindle  has  a  case- 
hardened  conical  bearing,  and  a 
tail-pin  to  take  the  end-thrust 

2.  Slotting  JfacJune. — This  ma- 
chine is  made  for  a  maximum 
Rtroke  of  14  inches ;  the  frame 
and  top  are  cast  in  one  piece,  a 
hollow  casting.  The  cone,  three- 
speeded,  turns  in  bearings  on  the 
side  of  the  frame,  and  drives  the 
disc-spindlo  with  a  pinion  and 
wheel.  The  motion  is  taken  off 
by  a  connecting-rod  from  the  disc, 
which  is  grooved  for  an  adjustable 
stud-pin,  to  the  ram,  of  which 
the  elevation  is  adjustable  by  a 
hand-wheel  and  screw  at  the  top. 
The  disc  has  no  upper  bearing  on 
its  edge,  and  depends  entirely  on 
the  sliaft,  with  which  the  disc  is 
cast,  being  much  stronger  than 
usuaL  The  ram  is  guided  in  two 
distinct  slides.  The  table  has  three 
self-acting  feed -motions,  and  its 
lower  straight  slide  is  placed  across 
the  sole,  instead  of  parallel  to  it, 
as  in  other  machines, — the  upper 
slide  being  parallel  to  the  sole, 
which  in  other  machines  lies  across 
it  This  arrangement  is  adopted 
to  admit  of  the  swivel -studs  under- 
neath, to  be  afterwards  noticed  ; 
also  to  admit  of  a  long  traverse 
across  the  IhxI,  which  the  exhibi- 
tors consider  the  most  convenient 
for  shaping  long  articles.  The 
table  itself  is  solidly  bedded  on 
the  slides,  without  overhang,  the 
worm-wheel  being  as  large  as  the 
table.  The  feed  is  obtained  from  a 
vertical  cam  on  the  disc-shaft .  and 
taken  clown  by  a  connecting-rod 
to  a  horizontal  rocking  shaft, 
from  which  it  is  distributed  for 
the  different  feeds,  with  a  ratchet 
and  wheel  to  each.  The  feed-gearing  is  carried 
round  three  sides  of  the  table,  and  is  further 
involved  with  universal  joints.  For  inclined 
work,  the  whole  system  of  slides  is  turned  on 
a  pair  of  hinge-studs  cast  on  the  sides  of  the 
sole, — the  inclination  being  adjusted  by  a  screw 
and  lock-nuts  in  front     For  ordinary  work,  of 


course  they  rest  upon  the  solid  base  (fig.  116, 
page  158). 

3.  Self-acting  Radial  Drilling  Machine. — The 
jib  of  this  machine  is  movable  through  an  arc 
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of  280°,  with  a  variable  radius  of  from  2  feet 
(>  inches  to  6  feet,  and  a  vertical  range  of  2  feet 
The  vertical  traverse  of  the  spindle  is  1 2  inches, 
and  the  machine  is  capable  of  taking  in  a  piece 
standing  6  feet  above  the  floor.  The  jib  revolves 
on  the  column,  and  is  cast  in  one  piece  with  the 
jacket  The  column  and  the  base,  also,  are  cast  in 


Digitized  by  Google 


154 


MACHINE-TOOLS,  ETC.,  FOB  WORKING  IN  IRON. 


one  piece,  and  the  column  is  turned  from  top 
to  bottom  to  receive  the  jib-jacket,  which  is 
bored  out  at  both  ends  to  fit  and  work  upon  it, 
both  vertically  and  radially.  The  sole-plate  is 
grooved  and  planed.  The  power  is  derived 
from  a  five-speeded  cone  with  bearings  on  the 
base,  behind  the  column,  driving,  by  a  pair  of 

Fio.  111. 


8ii.r-ACTiiro  Yibticai.  Drilliso  Maciux*,  by  Mows. 
Wm.  MuirACo.    (P»ge  15:.'.) 

mitres,  an  upright  shaft  within  the  column, 
which  driven  a  parallel  shaft  outside,  by  means 
of  a  jMiir  of  spur-wheels.  Motion  is  taken  by 
mitres  at  the  lower  end  of  the  upright  shaft,  for 
driving  a  longitudinal  shaft  alongside  the  jib, 
from  which  the  spindle  is  driven  by  a  pair  of 
mitre-wheels.    The  horizontal  shaft  is  carried  on 


end  with  the  drill-carriage,  but  is  not  tele- 
scopic ;  it  passes  behind  the  column  as  the  car- 
riage moves  up.  The  outside  vertical  shaft, 
likewise,  is  carried  upwards  with  the  jib,  above 
the  column.  The  jib  is  elevated  by  means  of  a 
rack  within  and  attached  to  the  jib-socket,  with 
a  worm  motion.  The  spindle  is  fitted  with  a 
screw  feed-motion. 


CHAPTER  VIII. 

MACHINE-TOOLS    EXHIBITED    BY  MESSRS. 

AND  COVENTRY,  MANCHESTER. 


SMITH 


The  tools  exhibited  by  Messrs.  Smith  <fc  Co- 
ventry combine  excellent  workmanship  with 
proof  of  an  intelligent  consideration  for  the  re- 
quirements of  each  tool.  They  comprised  novel- 
ties which  are  likely  to  be  found  useful. 

1.  Screw-cutting,  Charing,  and  Slide  Lathe. — 
This  lathe  has  7-inch  headstocks,  and  combines 
the  functions  of  an  ordinary  screw-cutting  and 
sliding  lathe,  with  an  apparatus  for  chasing 
angular  or  V-thrcad  screws.  The  cone-spindle 
has  conical  bearings ;  and,  in  addition,  a  tail-pin 
of  large  diameter  and  wearing  surface,  as  a  safe- 
guard in  turning  heavy  work,  against  the  risk 
of  the  horizontal  pressure  from  the  shifting 
headstock  galling  or  setting  fast  the  conical 
bearings.  The  bracket  for  the  tail-pin  is  applied 
at  an  angle,  and  may  be  swung  on  one  end  out 
of  the  way,  when  it  is  required  to  change  the 
change-wheel  on  the  cone-spindle.  The  guide- 
screw  is  in  front  of  the  lathe-bed,  and  is 
employed  for  cutting  square-thread  screws. 
The  lock-nut  for  the  guide -screw  is  in  two 
halves,  shifted  horizontally.  The  change-wheels 
are  made  with  teeth  of  a  strong  form,  so  as 
to  be  capable  of  gearing  into  each  other  for 
the  whole  depth  of  the  teeth,  or  to  "bot- 
tom," without  gagging  or  breaking  the  teeth. 
The  swing-plate,  by  which  the  wheels  are  sup- 
ported, is  suspended  from,  and  swivels  on,  the 
end  of  the  cone-spindle,  the  lower  end  being 
made  with  a  circular  slot,  and  secured  with 
a  stud-bolt  and  nut  Thus,  the  plate  when 
loosened  has  no  tendency  to  fall  over ;  and, 
when  fixed,  is  steadily  secured  by  the  fasten  - 
ings  at  the  extreme  points,  without  the  over- 
hang incidental  to  the  ordinary  reverse  ar- 
rangement, and  preventing  the  change-wheels 
from  forcing  themselves  out  of  gear  while  at 
work.  The  slide  is  traversed  quickly  liack  by 
hand,  by  means  of  a  rack  and  pinion  in  front. 
A  quick  drawback  motion  is  applied,  to  with- 
draw the  cutter-slide  from  the  thread  of  tin- 
screw  being  cut,  while  the  saddle  is  being  racked 
back.  It  is  an  eccentric  motion,  worked  by  a 
lever,  and  is  so  arranged  that  the  eccentric  is 
on  the  dead  centre  when  the  cutter  is  in  its 
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working  position,  for  either  external  or  internal 
screw-cutting,  and  therefore  cannot  be  forced 
back  by  the  resistance  to  the  cutter. 

The  chasing  apparatus  cuts  screws  of  from 
\  inch  to  1  ^  inches  diameter.  It  is  placed  on  a 
saddle,  which  is  traversed  on  the  bed  by  the 
guide-screw,  and  quickly  reversed  by  hand  with 
rack  and  pinion.  It  consists  of  a 
circular,  concentric  cam-box,  with 
three  chasers,  of  four  cutting  teeth 
each,  which  are  drawn  to  and  from 
the  centre,  simultaneously,  by  means 
of  a  lever.  There  is  a  graduated 
index  on  the  face  of  the  box,  with 
an  adjustable  stop,  by  means  of 
which  the  chasers  may  be  set  to 
any  required  size  or  diameter,  and 
against  which  tho  cam  1h>x  is  re- 
tained by  means  of  a  back  weight 
on  a  chain.  With  one  setting  of 
the  cam-box,  any  number  of  screws 
may  thus  l>e  cut  to  one  diameter. 
Each  screw  is  completed  at  one 
cut, — the  chasers  being  withdrawn 
at  the  end  of  each  traverse  to  re- 
lease the  saddle.  The  threads  of 
the  chasers  are  sloped  off  at  the 
entering  side,  on  the  principle  of 
the  conical  screwing  dies,  so  that 
every  successive  thread  in  each 
chaser  cuts  successively  deeper, 
until  the  complete  screw  is  formed, 
whilst  the  thread  of  the  screw  is 
fairly  started  correctly  to  the  pitch 
(fig.  117,  page  159). 

2.  Shaping  Machine. — This  ma- 
chine has  a  10-inch  stroke.  The 
ram  is  driven  by  a  slotted  link, 
with  a  central  connection  to  the 
ram,  and  a  quick  return.    The  bed 
is  of  unusually  great  depth  in  front 
— 18  inches  —  to  afford  a  steady 
bearing  and  support  for  the  tables  ; 
and  in  their  1 6-inch  shaping  maclune,  the  exhibi- 
tors carry  down  the  bearing  to  the  ground.  There 
are  two  tables,  made  with  vertical  fatces,  to  tix 
work  to  laterally.    The  machine  has  two  feeds, 
for  straight  and  circular  work.   The  worm-wheel 
for  one  of  the  feeds  is  in  two  lengths,  divided 
across  the  axis,  adjustable  for  wear.  There  is  also 
an  adjustment  to  correct  tho  wear  of  the  hinge- 
pins  of  the  cutter-box,  by  means  of  conical  nuts, 
one  at  each  end  (fig.  118,  page  159). 


4.  Self-acting  Vertical  Drilling  Machine. — 
This  machine  has  a  2^-inch  spindle,  and  (bills 
and  bores  up  to  8  inches  in  diameter.  It  is 
made  with  a  grooved  and  planed  sole-plate,  to 
which  the  frame  is  bolted.  The  frame  is  a  hol- 
low casting ;  it  has  a  three-sjwed  cone,  with 
back  gear   to  drive  the  drill-spindle,  placed 


FlO.  112. 


3.  Bench  Drill. — This  machine  is  adapted  for 
working  by  hand,  and  Is  aLso  provided  with  a 
three-speed  cone  to  work  by  jK»wer.  It  drills 
j-inch  holes,  4  inches  deep,  and  admits  objects 
1 7  inches  diameter.  It  has  a  screw-feed,  worked 
by  hand.  The  table  is  circular,  and  rests  upon 
a  bracket,  which  may  lie  turned  aside  on  a 
pivot,  to  make  way  for  long  articles  (fig.  119, 
page  159). 


Biwcu  Diillix}  MicniXB,bjr  MrMrt.Wm.  Mair  &  Co.   (P»s©  162.) 

within  the  frame.  The  drill-spindle  is  made 
with  conical  bearings,  and  is  fitted  with  a  screw- 
feed  above,  with  hardened  steel  plates  between 
the  spindle  and  the  screw,  to  take  the  pressure 
of  the  cut,  neatly  and  firmly  let  into  the  upper 
part  of  the  frame,  with  bearings  above  as  well 
as  below  the  nut-wheel ;  it  is  worked  by  a 
motion  from  tho  cone-spindle  through  a  pair  of 
small  cones  behind  the  frame,  with  worm  and 
spur  gear.  The  hand-wheel  for  working  tho 
feed  is  fixed  by  friction.  The  table  is  square, 
with  two  horizontal  slides ;  it  also  slides  ver- 
tically on  the  front  of  the  frame,  adjustable  by 
a  worm  and  spur  gear,  with  a  nut  and  screw. 
In  a  more  recent  design,  the  table  is  swivelled  to 
the  frame  at  one  side,  and  may  be  swung  right 
out  of  the  way,  so  as  to  leave  the  space  in  front 
of  the  frame  entirely  clear  (fig.  121,  page  160). 


5.  Self-acting  Radial  Drill — The  sole-plate  is 
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grooved  and  planed  ;  the  standard  is  erected  on 
and  bolted  to  it  at  one  end,  and  is  made  with  a 
vertical  slide  for  the  jib-frame.  The  jib  is  cast 
with  a  long  vertical  limb,  with  pivots  to  revolve 
in  earrings  in  tho  frame,  as  in  Messrs.  Whit- 
worth's  drill.    The  power  is  derived  from  a  large 


five-speed  cone,  and  increased  by  being  trans- 
mitted through  a  bevil  pinion  and  wheel  to  a 
vertical  shaft  in  the  jib-frame,  with  two  pairs  of 
mitres,  to  a  horizontal  shaft  in  the  jib,  passing 
bohind  the  drill-carriage.  From  this  shaft  the 
drill-spindle,  having  conical  bearings,  is  driven 
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by  means  of  a  pair  of  spurs  and  a  bcvil  pinion  and 
wheel,  with  a  short  intermediate  shaft.  From  the 
same  shaft  the  feed-motion  is  obtained,  through  a 
pair  of  small  cone-pulleys  at  the  end  of  the  jib, 
turning  a  horizontid  shaft  in  front  of  the  drill- 
carriage  ;  this  shaft  carries  a  travelling  worm, 
from  which,  with  spur  gear,  the  spindle  is 
lowered  by  a  screw-feed.  The  feed  may  be 
worked  by  hand,  for  convenience,  from  the  drill- 
carriage.  The  drill-car- 
riage is  traversed  on  the 
jib  by  hand,  by  means 
of  a  longitudinal  screw 
passing  behind  the  car- 
riage, with  a  nut,  and 
skew -gear  connection  : 
being  worked  by  a  liand- 
wheel  at  the  end  of  the 
jib  ;  also  by  a  liand- 
wheel  on  the  carriage 
itself,  so  that  the  work- 
man may  adjust  the  drill 
under  his  eye.  A  simple 
and  quick  lifting  motion 
is  provided  for  raising 
and  lowering  the  jib,  by 
means  of  an  upright 
screw  ;  it  is  derived  from 
an  extra  pulley  on  the 
cone-spindle,  which 
drives  a  pulley  on  a  small 
shaft  passing  through  the 
base  of  the  standard,  with 
a  worm  to  turn  a  spur 
on  the  upright  screw. 
When  this  motion  is  not 
in  operation,  the  driving- 
belt  must  be  thrown  off. 
This  machine  has  a 
radius  of  G  feet,  with  a 
vertical  traverse  of  2  feet 
9  inches,  and  admits  an 
object  7  feet  high  under 
the  spindle  (fig.  120, 
page  160.) 


CHAPTER  IX. 

MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  C 
DE  BERQCE  AND  CO.,  MANCHESTER  AND  LONDON. 

Messrs.  C.  de  Bergue  &  Co.  exhibited  a  number 
of  tools  remarkable  for  originality  of  invention 
and  contrivance.  The  machines  are  compact, 
and  they  appear  light ;  but  with  their  lightness 
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Muir  &  Co.    (P»ge  138.) 


6.  Planing  Machine. — In  this  machine,  of 
which  a  photograph  was  exhibited,  attention 
may  be  directed  to  the  very  large  bearing  sur- 
faces, and  the  obtuse  angles  of  the  "  vees,"  or 
stides  for  the  table,— designed  for  preventing 
the  possibility  of  galling  or  cutting ;  and  to  the 
arrangement  for  oiling  the  vees  by  means  of 
small  oil-boate,  which  are  slipped  into  receptacles 
or  vacancies  cast  for  them  in  the  table  over  the 
vees :  by  self-acting  syphons  the  fresh  oil  is 
drawn  to  lubricate  the  surfaces.  A  quick  return, 
at  three  times  the  cutting  speed,  is  obtained ; 
and  the  reversal  of  the  driving-belt  is  performed 
with  just  the  same  velocity,  without  violence,  at 
both  ends  of  the  traverse,  by  means  equivalent 
to  the  arrangement  applied  by  Messrs.  Fair- 
bairn  <k  Co.,  and  hereafter  noticed. 


they  combine  great  strength,  and  such  of  them 
as  were  exhibited  at  work — us  the  steam-punch 
— performed  their  duty  with  ease,  and  within  a 
wide  margin  of  safety. 

1.  Steam- PuncJung  and  Shearing  Machine. — 
Tho  chief  feature  in  this  machine  is  the  rocking 
frame,  which  vibrates  on  a  pivot  at  the  base,  and 
works  the  punch  and  the  shears  alternately.  It 
is,  in  fact,  a  massive  triangular  lever,  of  which 
the  pivot  is  the  fulcrum,  with  a  vertical  arm, 
G  feet  long,  to  receive  the  power  at  the  upper  end, 
and  two  horizontal  arms,  3  feet  long,  one  on  each 
side  of  the  pivot,  carrying  the  punch  at  one  end 
and  the  upper  Bhear  at  the  other  end.  Tho 
upper  end  vibrating  horizontally,  the  two  lower 
ends  vibrate  vertically,  as  in  an  ordinary  com- 
bined punching  and  shearing  machine,  with  tho 
slight  difference  that  they  vibrate  in  circular 
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area,  which  are,  however,  practically  straight 
lines,  whilst  the  slides  of  the  ordinary  machine 
move  in  perfectly  vertical  lines.  This  is  a  dis- 
tinction of  no  practical  moment,  but  it  has 
acquired  a  certain  degree  of  prominence  by  being 
frequently  urged.  The  rocking  lever  vibrates 
between  two  massive  frame  castings  bolted  to- 
gether, which  give  bearings  for  the  pivot  and 


for  the  driving  shaft  overhead.  This  Hhaft  is 
formod  with  eccentrics  forged  upon  it,  with 
44  inches  throw,  turniug  in  rectangular  slide- 
blocks  working  vertically  in  a  slot  in  the  lever, 
and  giving  2^  inches  vertical  motion  to  the 
punch  and  the  shears.  The  steam -cylinder  is 
94  inches  diameter,  with  9  A  inches  stroke,  and 
makes,  in  proper  working  order,  200  revolutions 
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Slotting  Micmisi,  by  Messrs.  John  Hetherington  &  Sod*,  Manchester.  (Page  163.) 


per  minute.  The  sj>eed  of  the  engine  shaft  is  re- 
duced by  means  of  an  intermediate  shaft,  to  make 
sixteen  strokes  of  the  punch  and  of  the  shears 
per  minute. 

Dispensing  with  the  slides  of  the  ordinary 
machine,  the  wear  and  tear  of  slides  is  avoided, 
and  less  driving  power  is  consumed.  The  punch 


and  the  shears  are  conveniently  placed  at  the 
extremities  of  the  rocking  lever,  and  the  sole  of 
the  frame  is  rounded  away  towards  each  side 
eUiptically,  which  is  convenient  for  workmen 
in  getting  about  the  machine,  and  handling 
their  work.  The  disengaging  motion  for  the 
punch  may  be  worked  instantly  by  a  lever 
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close  at  hand.  Long  rows  of  holes  may  be  ing  centre-mark,  being  within  night,  may  there- 
punched  accurately  and  uniformly,  by  means  of  fore  be  readily  adjusted  to  the  pointer  as  an 
a  pointer  or  index  which  is  fixed  to  the  frame,  index  that  the  plate  is  right  for  the  next  action 
alongside  the  punch,  at  the  distance  of  the  pitch  of  the  punch.  This  machine  is  capable  of 
of  the  holes  to  be  punched,  and  the  neighbour-  |  punching  holes  1  i  inches  diameter,  through  an 


B*iri*G  Miciur,  by  Meun.  Bmilh  k  Corcolry.   (l'»gc  135.)  Buca  Dulv,  by  Meun.  Smith  tt  Corentry.    (l*»ge  135.) 
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inm  pinto  1^  inched  thick,  at  21  inches  fn mi  the 
edge,  or  it  can  punch  a  disc  7  inches  diameter 
out  of  a  J-inch  plate  (6g.  122). 

2.  Punching  and  Shearing  .Vitelline.—  This  ma- 
chine in  of  a  mailer  bob,  on  the  nine  principle, 
but  differing  in  design  and  arrangement  from  the 


M«ocbr*Ur  X  Looduii. 

Hteam  punch.  On  the  top  of  a  strong  box-frame 
of  cast-iron,  the  driving  shaft  is  placed  in  a  long 
Waring,  with  the  driving  pulley  at  one  end  and 
a  spur  pinion  at  the  other,  which  turns  a  wheel 
on  one  end  of  the  excentric  shaft.  The  excentric 
at  the  other  end  has  1$  inches  throw,  and  com- 
municates, through  the  rocking  lever,  with  equal 
amis,  21  inches  long,  the  same  stroke  to  the 
punch  and  the  shears.  This  machine  is  capahle 
of  punching  |-inch  holes  through  £-inch  plate, 
at  17  iuches  from  the  edge,  at  the  rate  of  from 
twenty  to  twenty-five  holes  per  minute. 


3.  Rivet intj  Machine. — This  machine  is  de- 
signed for  riveting  wmught-iron  girder-work. 
The  betiding  dies  work  horizontally  in  a  cast-iron 
frame  recessed  to  admit  of  riveting  at  a  distance 
of  18  inches  from  the  edge  of  a  plate.  The  sta- 
tionary die  is  held  in  the  end  of  a  steel  screw 
fitted  into  a  bush  in  the  pillar  which  receive* 

the  thrust,  the  screw 
l>eing  used  for  ad ju«t- 
ing  the  distance  be- 
tween the  dies  to  the 
varying  thickness  of 
plates  to  lie  riveted. 
The  heading  die  is 
placed  in  the  end  of 
a  cylindrical  carrier 
which  is  reciprocated 
by  direct  connection 
with  an  excentric 
having  4  inches  of 
throw.  This  j>art  of 
the  apparatus  is  fur- 
nished with  a  simple 
contrivance,  perform- 
ing precisely  the  same 
functions  for  the  ma- 
chine that  the  safety- 
valve  does  for  the 
steam  lxiiler.  It  may 
l>e  said  that  the 
steel  block,  in  the  pro- 
cess of  riveting,  litis 
between  the  inner  end 
of  the  plunger  and 
that  of  the  carrier ; 
the  plunger,  however, 
does  not  come  in  actual 
contact  with  the  block 
itself,  as  between  the 
two,  and  held  in  the 
block,  there  is  a  small 
stud  of  cast-iron,  of 
such  a  diameter  that 
should  the  plunger,  in 
advancing,  come  in 
contact  by  accident 
with  a  cold  rivet,  the 
edge  of  any  angle  bar, 
or  other  im|iedimcnt 
sufficient,  in  case  no 
provision  were  made 
for  such  a  contin- 
gency, to  break  down  the  machine,  the  stud 
yieh Is  and  flies  in  pieces,  arresting  instanta- 
neously the  forward  motion  of  the  plunger. 
A  fresh  stud  may  lie  inserted  in  a  few  minutes. 
The  excentric  shaft  is  driven  by  means  of  inter- 
mediate gearing  from  a  l>elt-pullcy.  It  is  said 
to  1m-  capable  of  heading  rivets  up  to  1  inch 
in  diameter  at  the  rate  of  about  sixteen  per 
minute  ;  including  all  stoppages,  the  ]»crformance 
is  stated  to  have  averaged  from  3,500  to  5,000 
rivets  per  day  of  ten  hours,  with  the  attendance 
of  four  men  and  three  rivet-boys,  which  is  equiva- 
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lent  to  the  performance  of  from  1 7  to  25  sets  of 
h&nd- riveters,  three  men  and  a  boy  per  set 
(fig-  123). 

4.  Rivet  -  makimj  Machine.  —  The  principal 
characteristic  of  this  machine  consists  in  the  form 
ing  of  rivets  hy  coni  inuons  rotary  motion.  The 
dies  for  holding  the  blanks  an-  eight  in  number, 
net  at  equal  intervals  in  the  eircumfemicc  of  a 


Flo.  123 


cast-iron  disc  revolving  on  a  horizontal  shaft. 
The  heading  die  is  carried  in  a  socket  formed  in 
a  bar,  which  is  reciprocated  by  a  crank  on  the 
end  of  a  second  horizontal  shaft  revolving  eight 
times  for  one  of  the  disc,  and  so  geared  with  it 
by  spur-wheels  as  to  cause  the  heading  die  to 
coincide  exactly  with  the  eight  dies,  as  they  suc- 
cessively pass  before  it  at  the  moment  of  its 
completing  its  full  stroke  towards  the  dine.  The 


RlYAMM  Macular,  by  M es»r».  C.  Vv  LK-rgue  &  Co. 


other  end  of  the  header-bar  slides  centrally  in 
a  slot  in  a  ring  fitted  to  and  turning  on  the  end 
of  the  disc  shaft  ;  which  serves  two  purj>oses, — 
first,  to  keep  the  centre  line  of  the  bar  and  the 
heading  die  radial  to  the  disc ;  second,  to  retain 
in  place,  without  revolving,  a  stationary  excentric 
on  the  shaft,  for  the  purpose  of  pushing  gradually 
out  of  their  sockets  in  the  disc,  the  newly-formed 
rivets,  as  the  disc  moves  round.  A  "crusking- 
up  piece,"  or  stud  of  cast-iron,  is  introduced 
behind  the  heading  die  to  intercept  the  thrust 
of  the  die,  and  to  give  way  shun  Id  the  strain 
by  any  accident  exceed  the  desired  limit  of 
safety,  which,  for  making  I -inch  rivets,  is  lixed 
at  40  tons. 


Alongside  the  rivet-making  portion  of  the 
machine,  there  is  a  lever-cutter  for  cutting  up 
the  rods  of  rivet-iron  after  they  have  been 
heated  in  a  furnace,  in  suitable  lengths  ;  the 
cutter  is  driven  by  a  double  cam  on  the  crank- 
shaft, and  it  cuts  oft'  two  pieces  for  one  rivet 
formed,  and  keeps  up  the  sujiply  of  blanks.  It 
is  stated  that  the  fibre  of  the  iron  is  preserved 
and  turned  over  in  forming  the  rivet,  thus  retain- 
ing the  fvdl  strength  of  the  metal.*  The  machine 
is  said  to  be  capable  of  making  from  32  to  3G 

•  For  additional  particulars  of  the  rivet -making 
machine,  reference  may  bo  mado  to  a  paper  by  Mr. 
Da  Burgue,  published  in  the  "  Proceedings  of  the 
Institution  of  Mechanical  Engineers  "  for  lbCl. 


Googl 


MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  C.  DE  BERGL'E  &  CO. 


1G3 


rivets  per  minute  up  to  1  inch  in  diameter 
(fig.  124). 

5.  Angle-bar  Cutting  Machine. — This  machine 
acts,  by  a  pair  of  angle  shears,  to  receive  and  to 
cut  angle  iron  by  a  direct  vertical  motion  from 


an  excentric.  The  upper  or  reciprocating  Bhcar- 
blado  is  carried  by  a  rectangular  slide,  connected 
to  the  excentric  by  a  short  intermediate  piece, 
and  has  3  inches  of  vertical  motion.  By  the  in- 
terposition of  the  connecting  piece,  which  reduces 
the  angular  action  on  the  slide,  thia  machine 


Fig.  121. 


Hivkt-m  ikivi;  Mirutiti,  by  Met 

differs  from  the  ordinary  slide-punch,  in  which 
the  excentric  acts  directly  upon  the  slide.  It  is 
adapted  also  for  cutting  up  scrap,  and  is  cajmble 
of  cutting  bars  G  inches  by  1  \  inches,  or  angle- 
iron  bars  4  inches  by  4  inches  by  $  of  an  inch 
thick.  The  motion  is  reduced  by  compactly- 
arranged  gearing. 

  I 

■ 

i 
I 

CHAPTER  X. 

MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  JAMES 
NASMYTH  AND  CO.,  MANCHESTER. 

Messrs.  Nasmyth  <fc  Co.  exhibited  a  selection 
of  steam  hammers,  with  which  the  name  of 
Mr.  Nasmyth  has  been  long  and  honourably 
awociated  as  the  inventor  and  original  manufac- 
turer :  also  some  special  tools  and  machinery. 


i.  C.  Do  Berffue  X  Co. 


Iu-Cwt.  Sham  Uammki,  l>r  MfMn.  James  Nasmrth  &  Co., 
M»ucUe»t«r. 
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1. 


arranged 


This  hammer  is 
double  action, 


lo-cKtf.  Steam  Hammer. — 
for  either  single  or 
to  be  worked  by  hand.  It  is  fitted  with  Mr. 
Robert  Wilson's  double-acting  equilibrium  or 
balanced  slide-valve,  which  is  worked  with  ease 
and  celerity,  so  113  to  regulate  the  velocity  anil 
force  of  the  blow,  according  as  the  nature  of  the 
work  may  require.  The  change  from  single 
action  to  double  action,  or  reversely,  is  effected 
instantaneously  by  turning  a  catch  fitted  to  the 
quadrant  guard  of  the  working  handle.  The 
two  sides  of  the  frame,  which  is  of  the  ordinary 
Nasmyth  form,  arc  braced  together  by  an  iron 
plate  on  each  side  at  the  lower  end  of  the  slide 
(fig.  123). 

2.  10-rK><.  Project  iwj  Steam  Hammer. — This 
hammer  is  arranged  to  lie  worked  witli  single  or 
double  action  by  hand,  with  Wilson's  equili 

Fio.  128. 


The  hammer-block  is  made  of  wrought  iron. 
This  arrangement  of  hammer  Is  adapted  for 
drawing  down  or  tilting  steel,  or  for  any  other 
puq>ose  requiring  a  rapid  succession  of  blowB, 
varying  in  number  and  intensity  (fig.  127). 

4.  Punchiny  Machine. — This  machine  is  fitted 
with  a  traversing  table  and  a  self-acting  and 
differential  dividing  nppar.it us.  and  has  a  steam- 
engine  attached  to  work  it  In  the  dividing 
apjtaratus,  a  ready  means  is  provided  for  varying 
the  pitch  of  the  rivet -holes  to  be  punched,  and 
punching  any  given  numltcr  of  holes  in  any 
length  of  plute  up  to  10  feet  9  inches  in  length, 
without  altering  the  position  of  the  plate  on  the 
table  :  the  sanic  number  of  holes,  reckoning  from 
end  to  end,  may  be  punched  with  certainty  in 
plates  of  various  length,  from  9  feet  4^  inches  to 
10  feet  7iJ  inches.    The  dividing  or  pitching  of 

Fio.  127. 


10-Civr.  I'kojkctiso  mi  m  llniiii,  f.y  M---ri. 
James  Naamjth  X  Co. 

brium-valvc.  The  frame  projects  over  the 
anvil  to  admit  of  long  forgings  Wing  laid  across 
the  front  on  the  anvil  (fig.  120). 

3.  10-cwf.  Self-act  iuy  Steam  Hammer. — This 
liamnier,  like  the  others,  is  fitted  for  single  or 
double  action,  with  Wilson's  equilibrium-valve. 
By  reason  of  the  freedom  and  promptness  with 
which  the  valve  may  la?  worked,  the  force  of  the 
blow  may  be  varied  instantly  from  one  of  the 
utmost  intensity  to  a  mere  touch,  and  any 
number  of  blows  may  be  given  at  any  rato  up 
to  280  blows  j)er  minute.  The  hammer  as  it  rises 
shuts  off  the  steam  by  striking  a  cam  on  a  lever, 
of  which  the  fulcrum  may  be  shifted  to  one  of 
three  jxwitions,  for  different  lengths  of  stroke. 


10-Cirr.  S*i  1  >•         Stum  llmati,  by  Mmtt, 
J  am  ft  Xumylh  &  Co. 

the  rivet-holes  is  effected  by  means  of  a  hori- 
zontal pin-rack  placed  obliquely  upon  the  ljcd  of 
the  machine,  into  which  a  hinged  pall  or  stop 


rtffcmsu  MioiiM,  by  MeMTt.  Junci  Numyth  &  Co. 
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works,  suspended  from  the  table,  and  by  which 
the  table  is  shifted  forward  for  the  pitch  of  the 
rivet-holes  by  one  pin  at  a  time.  The  pitch  is 
varied  by  disposing  the  pall  at  a  different  angle 
across  the  pin-rack,  when  it  may  be  understood 
that  the  more  obliquely  the  pall  is  placed,  either 
forward  or  backward  from  zero  on  the  index, 
tha  shorter  or  longer  will  be  the  pitch  or 
traverse  of  the  table  for  each  pin  jiassed  by  the 
palL  When  the  pointer  stands  at  zero,  the 
pitch  of  the  rivet-holes  is  equal  to  that  of  the 
rack  (fig.  128). 

5.  Self-acting  Shaping  ami  Differential  Divid- 
ing and  Notching  Machine, — This  machine  was 
originally  devised  for  notching  the  scale-beams 
of  weighing-machines,  and  the  same  principle 
was  extended  to  the  punching  machine  just  de- 
scrilted.  By  means  of  approximating  dividing 
wheels,  any  scale  of  divisions  may  be  obtaiucd, 

Fig.  129. 


Bttr-Arnxn  Satrixn  mr»  Dirnixxrui.  Pividikg  add 
N"ii  iiim,  M  ii  nni,  by  Meaan.  Jam**  Narmyth  Jt  Co. 

and  may  be  increased  or  diminished  in  length 
t<>  the  smallest  degree,  so  that  any  standard 
scale  may  be  made  with  the  greatest  exactness, 
uid  to  any  required  variation  in  length,  in  the 
proportion  of  2$  inches  less  or  more  on  3  feet, 
with  a  simple  index-adjustment.  The  machine 
is  applicable  as  a  slide-rest  for  cutting  screws  of 
any  pitch,  and  the  pitch  may  be  varied  to  any 
extent,  so  that  any  standard  pitch  may  be  ob- 
tained from  any  time  leading  screw  (fig.  129). 

6.  Model  of  Cotton-baling  Press.  — This  ma- 
chine is  designed  for  packing  cotton  into  bales, 
and  is  intended  for  use  in  India  and  other 
distant  countries,  where  compactness  of  1  Miles  for 
transport  is  a  primary  object.  The  table  is 
4  feet  by  1  fi  inches  wide,  and  has  a  lift  of  1 1  ^  feet, 
compressing  a  bale  into  18  inches  deep.  It 
has  a  three-cylinder  hydraulic  press,  with  rams 
9  inches  in  diameter,  of  which  the  middle  ram 
is  worked  quickly  to  save  time,  and  lifts  the 
two  others  with  it,  which  arc  followed  up  by 


water,  until,  when  the  final  pressure  is  applied, 
all  the  three  rams  are  put  to  work  by  a  hydro- 
static pressu  re  of  3  tons 
per  square  inch.  The 
press  is  ca]iable  of 
compressing  400  lb.  of 
cotton  into  a  space  of 
8  cubic  feet  at  the  rate 
of  100  bales  per  day 
of  10  hours  (fig.  130). 


7.  £'/uilibriuin  Slide- 
valve.  —  This  valve, 
which  has  already  been 
mentionod,  is  the  in- 
vention of  Mr.  Robert 
Wilson,  of  the  firm  of 
the  exhibitors.  It  is 
made  either  single- 
acting  or  double- 
acting,  and  ]>ossesses 
the  advantages  of 
balanced  valves,  in  be- 
ing more  easily  worked 
and  maintained  than 
steam-valves  generally 
used. 


COTTOS-BALIJIO  PstKH, 

It  Mmn,  Jamm  Naamyth  &  Co. 
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8.  Screw- Tropel/cr.  — This  propeller  was  in- 
vented by  Mr.  Wilson  during  the  period  from 
1812  to  1819,  and  was  tested  by  him  in  1821. 
From  a  pamphlet  printed  by  Mr.  Wilson,  it 
ajijiears  that,  in  1827,  it  was  tasted  before  several 
leading  members  of  the  Dunbar  Mechanics'  Insti- 
tution, and  other  scientific 
gentlemen,  and  was  shortly 
afterwards  submitted  t<>  the 
Lords  of  the  Admiialty  by  the 
late  Earl  of  Lauderdale,  but 
without  avail.  It  was  tested 
in  182S  lwforc  a  Committee  of 
the  Highland  Society  of  Scot- 
land, and  in  1832  l>efore  a 
Committee  of  the  Royal  Scottish 
Society  of  Arts.  It  was  again 
submitted  to  the  Lords  of  the 
Admiralty  in  1833,  and  was 
rejected  as  an  objectionable 
plan  of  propelling  vessels,  inde- 
pendently of  practical  difficulties 
(fig.  131). 


8cMrw-PiorKLt.il, 

by  Mr.  >Vilaon. 
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CHAPTER  XL 

MACHINE-TOOLS   EXHIBITED   ttV  MESSRS. 
P.  FAIRBAIRN  AND  CO.,  LEEDS. 

The  machines  exhibited  by  Messrs.  Fairlwiim 
<fc  Co.  are  solidly,  substantially,  and  thoroughly 
constructed,  with  an  unsparing  use  of  material. 
They  are  generally  efficient  machines,  well  con- 
sidered in  the  details. 
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1.  Self-acting  Slide  Jireak-Latlie. — This  is  a 
treble-geared  lathe ;  it  receives  in  the  break 
objects  not  exceeding  7  feet  in  diameter  and 
C  feet  wide.  It  in  adapted  for  hiding,  screw- 
cutting,  lioring,  and  surfacing  object*  from 
2  inches  to  7  feet  in  diameter.  The  base-plate 
extends  the  whole  length  of  the  lathe,  and  is 
planed  and  grooved  for  the  cutter-rest  The 
driving  headstock,  21  inches  high,  is  placed  upon 
a  solidly  formed  standard,  and  bolted  down  to 
the  base-plate.  The  bed  for  carrying  tho  saddle 
and  cutter-rests,  and  tho  following  headstock, 
is  moveable  on  the  base-plate  by  rack  and  pinion, 
and  is  fixed  by  bolts  and  nuts.  There  are  three 
changes  of  sj>eed-gear  for  the  face-plate  : — direct 
from  the  cone-pulley,  from  the  back  gear,  and 
from  a  third  shaft  with  gearing  to  turn  the  face- 
plate by  means  of  a  pinion  gearing  into  an  in- 
ternal spur-wheel  on  the  back  of  it.  In  adopting 
the  internal  wheel,  the  face-plate  is  turned  in  the 
name  direction  with  all  the  three  speeds,  avoiding 


thus  the  inconvenience  of  applying  a  cross-belt 
for  the  slowest  speed.  The  internal  wheel  is 
bolted  on  the  back  of  the  face-plate  in  eight  seg- 
ments. The  nave  of  the  face-plate  is  turned  out 
and  let  over  the  collar  on  the  cone-spindle,  to 
which  it  is  bolted  ;  tins  makes  a  stiff  and  secure 
fastening,  which,  for  a  large  overhung  face-plate, 
is  of  prime  importance.  The  saddle  is  formed 
with  T  grooves  for  fixing  work  by  crosshead  bolts 
when  boring  ;  it  is  traversed  by  the  guide-screw 
on  the  outside  of  the  lathe-bed,  which  derives  its 
motion  from  the  cone-spindle  through  a  system 
of  change-wheels  at  the  back  of  the  fixed  head- 
stock,  turning  a  shaft  which  passes  from  end  to 
end  of  the  l*ase-plate  in  a  sunk  channel,  and 
which  turns  the  guide-screw  by  gearing  at  the 
other  end. 

An  ingenious  reversing  motion,  now  much 
employed  in  machinery,  is  provided  at  the 
end  of  the  cone-spindle  for  reversing  the  guide- 
screw  and  the  saddle  through  the  change-wheels. 
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A  couple  of  carrier- pinions,  hung  on  a  moveable 
frame,  are  employed  to  transmit  the  motion  from 
tho  pinion  on  tho  end  of  the  cone -spindle  to  the 
change-wheels.  By  a  suitable  movement  of  the 
frame,  ono  of  tho  pinions  is  thrown  into  gear, 
whilst  tho  other  is  out  of  gear,  to  transmit 
motion  for  tho  forward  traverse  of  tho  saddle. 
By  a  contrary  movement,  tho  other  carrier-pinion 
is  brought  into  gear  as  an  additional  interme- 
diate, and  the  motion  is  reversed. 

The  surfacing  motion  is  derived  from  tho 
screw  by  means  of  an  "  elastic  cone"  carried  by 
the  saddle,  which,  by  a  suitable  application  of 
hand-]H)wer,  tightly  embraces  the  screw  and  con- 
verts it  into  a  shaft,  locking  the  saddle  at  the 
same  time  without  strain.  The  surfacing  is  thus, 
with  the  assistance  of  some  gearing,  worked 


direct  from  tho  guide-screw,  obviating  the  wear 
and  st rain  of  a  worm-wheel  on  the  screw,  aud 
dispensing  with  a  rack.  The  spindle  of  the  loose 
headstock  is  locked  by  means  of  a  worm  and 
segment  acting  tlirough  an  excentric  ujs>n  a  steel 
die. 

The  loose  headstock  is  firmly  bolted  to  the 
bed  by  four  cross-headed  bolts  in  two  T-shaped 
grooves  formed  on  the  upjxr  surface  of  the  bed. 
A  sjiecial  standard  may  l»e  bolted  to  the  project- 
ing part  of  the  sole-plate  to  carry  surfacing  and 
cutter-slides,  which  may  l>e  detached  from  the 
saddle  for  sliding  and  surfacing  large  work  in  the 
break  ;  and  for  these,  self-action  may  be  had  by 
an  overhead-motion  from  an  excentric  on  the 
cone-spindle  working  a  ratchet-wheel  on  the 
surfacing  screw  (tig.  132). 
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2.  Slide  and  Screw-cutting  Lathe.— This  lathe 
haH  10-inch  centres,  and  is  made  with  a  sliding 
gap.  It  is  otherwise  an  ordinary  slide  and  screw 
cutting  lathe.  The  fixed  headstock  is  lwlted  to 
the  bed  by  four  bolts  in  T  grooves,  and  it  may 
be  shifted  to  close  the  gap,  the  driviug-cone  on 
the  intermediate  shaft  shifting  likewise  on  a  key. 
The  slide-rest,  in  surfacing  large  diameters,  may 
thus  be  brought  close  to  its  work  without  destroy- 
ing  its  accuracy.  The  surfacing  motion  is  derived 
from  the  guide-screw  on  the  same  principle  as  in 


the  large  lathe.  The  slides  are  removable  from 
the  saddle  to  make  the  lathe  useful  as  a  boring 
machine.  The  bearings  of  tho  cone-spindle  are 
conical,  of  hardened  steel,  and  worked  in  hardened 
steel  bearings  ;  and,  it  may  be  added,  conical  steel 
bearings  are  adopted  for  sizes  of  lathes  up  to 
1 2-inch  centres ;  above  1 2  inches,  the  spindles 
have  cylindrical  bearings  running  in  gun-metal. 
By  means  of  the  change-wheels,  a  vai'iety  of  cuts 
for  traversing  may  be  had  at  the  rate  of  from 
16  to  50  cuts  per  inch  run.    Tho  change-wheels 
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are  fitted  with  a  reversing-motion  like  that  de- 
scribed  for  the  break -lathe,  when  the  centres  are 
above  12  inches  high  (fig.  133). 

3.  Double  Stud-Lathe. — This  lathe  is  made 
with  G-inch  centres,  and  is  designed  for  turning 
studs,  IkjUs,  and  other  plain  work  up  to  2£  inches 
diameter  and  12  inches  long.  Two  driving 
headstocks,  placed  in  the  middle  of  the  bed,  are 
fitted  with  steel  spindles  having  conical  necks 
working  in  steel  bearings,  and  with  two  sets  of 
fast  and  loose  pulleys,  each  with  a  belt-fork, 
giving  two  speeds.  A  casehardened  worm  on 
tho  spindle  works  a  casehardened  wheel  and 
drives  a  clutch,  which,  by  a  system  of  small 
mitres  and  screw,  traverses  the  saddle  in  either 
direction.  The  clutch-reversing  lever,  the  hand- 
wheels  for  working  either  saddle  by  hand,  and 
the  belt-forks  for  stopping,  or  starting,  or 
changing  tho  feed,  are  all  at  the  ready  command 
of  the  boy  in  attendance.  Clement's  drivers  are 
fitted  to  the  chucks. 

4.  Self-act  itig  Hatlial  Drilling  Machine. — Tins 
machine  has  a  steel  spindle  2|  inches  diameter, 
and  the  radial  arm  is  movable  in  an  arc  of  320°. 
It  is  double-geared,  which  is  advantageous  for 
facing  and  boring,  and  is  arranged  to  work 
aingle-geared  when  drilling  holes  of  a  small  size. 
It  will  bore  up  to  7  or  8  inches  diameter,  and 
will  drill  from  tho  solid  2i  inches  diameter. 
The  base-plate  is  rectangular,  and  made  with 
crosshead  or  T  grooves  ;  and  planed  on  the 
upj>er  side,  so  that  objects  to  be  operated  upon 
may  be  adjusted  with  facility.    It  is  made  of  a 


convenient  width,  that  a  pit  may  bo  made  on 
either  side  for  large  work,  to  take  advantage  of 
the  full  circuit  of  the  drill-spindle.  The  jib  or 
radial  arm  turns  upon  a  central  column  or 
standard  solidly  bolted  to  the  base-plate,  having 
turned  bearings  at  the  top  and  bottom  to  receive 
a  jacket  or  envelope  embracing  it  for  its  whole 
height,  which  turns  upon  it,  and  is  made  with  a 
vertical  slide  to  carry  the  jib  or  radial  arm. 

The  driving  gear  is  similar  to  that  of  a  back- 
geared  lathe,  and  is  bolted  upon  one  edge  of  tho 
Ijase-platc.  The  drill-spindle  is  driven  by  a  pair 
of  bevils  from  a  telescopic  sliding-shaft,  jiassing 
in  front  of  the  jib,  driven  by  mitres  from  an 
upright  shaft  brought  down  from  the  top  of  the 
jib-slide.  This  external  upright  shaft  is  turned 
by  spur-wheels  from  an  internal  upright  shaft 
which  rises  from  the  foot  of  tho  column 
and  is  driven  by  mitres  from  tho  cone-spindle. 
The  feed  is  given  by  a  rack-spindle  and 
pinion  worked  by  a  couple  of  worms  and 
wheels,  ami  made  self-acting  by  a  motion 
through  a  couple  of  small  cone-pulleys  from  the 
spindle.  The  traverse  of  the  spindle-carriage 
on  the  jib  is  effected  by  a  screw  turned  by  hand 
from  the  end  of  the  jib.  In  larger  machines  of 
this  class,  an  additional  means  of  traversing  ad- 
justment is  provided  close  to  the  drill-spindle  on 
the  unoccupied  side,  so  that  tho  attendant  need 
not  leave  the  work  to  set  tho  drill  by  the  end 
handle.  The  jib  may  be  set  by  power  to  any 
height,  from  30  inches  to  6  feet,  above  the  base- 
plate, by  means  of  a  vertical  screw  working  in  a 
long  nut  on  the  jib,  the  motion  of  which  is 
obtained  by  an  excentric  on  the  central  upright 


168 


MACHINE-TOOLS,  ETC.,  FOR  WORKING  TN  IRON. 


shaft,  working  by  a  double  pall  a  wrought-iron 
ratchet-wheel  keyed  on  the  vortical  screw,  and 
thrown  out  of  gear  when  not  required  (fig.  134), 

ft.  Self- acting  Radial  Drilling  Marhiw.  (ue- 
coml  xynt*m). — This  machine,  of  a  smaller  size 
than  the  other,  has  a  steel  spindle  1|  inches 
diameter.  It  is  double-geared,  and  driven  from 
an  intermediate  shaft  at  the  base,  so  that  it  may 


lie  swivelled  completely  round  the  central  column. 
The  base  is  novel,  having  a  deep  side,  30  inches 
high,  grooved  and  planed  like  the  horizontal  sur 
face,  for  fixing  objects,  which,  for  many  purposes, 
must  prove  of  great  convenience.  The  range  of 
the  drill,  radially,  is  42  inches  from  the  centre, 
and  it  is  designed  for  drilling  a  1^-inch  hole  out 
of  the  solid  without  the  aid  of  the  back  gear,  and 
to  bore  up  to  1  inches  diameter.    The  jib  is  cast 
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on  the  jacket,  and  swings  at  a  fixed  height  above 
the  base,  not  being  adjustable  vertically.  The 
driving  gear  may  thus  bo  made  com  |>arati  very 
direct.  The  horizontal  shaft,  driving  the  spindle 
by  mitres,  is  located  abovo  the  jib  j  it  is  not 
telescopic,  and  reaches  freely  over  the  column,  and 
is  driven  by  mitre-wheels  direct  from  the  central 
upright  shaft.  The  spindle  is  firmly  guided  by 
and  revolves  in  a  tube  cast  on  the  drill-frame ; 
the  feed  is  given  by  menus  of  a  screw  bearing 
end  to  end  on  the  top  of  the  spindle,  which  is 
grooved  at  the  side,  and  works  on  a  key  to 
prevent  it  turning  round.  The  nut  on  the  screw 
is  turned  by  gearing  from  a  hand-wheel,  or  from 
a  variable  self-acting  motion  derived  by  cone- 
pulleys  and  mitres  from  the  spindle,  and  so  the 
spindle  may  be  raised  or  lowered.  This  machine 


is  of  the  nature  of  a  special  tool,  and  must  prove 
serviceable  in  large  works  (fig.  135). 

G.  Self-acting  Vertical  Drilling  Machine — This 
is  a  large  machine,  with  a  2j-iuch  steel  spindle 
for  drilling  and  boring  holes  up  to  12  inches 
diameter,  with  a  vertical  feed  of  24  inches  ;  it 
takes  in  objects  5  feet  in  diameter.  The  frame 
is  cast  hollow,  and  in  one  piece  with  the  sole- 
plate.  The  drill  is  double-geared,  and  the  inter- 
mediate driving-shaft  is  hung  at  the  base  behind 
the  frame.  The  table  is  circular,  with  a  crntral 
pivot  let  into  a  bracket,  and  secured  by  a  large 
nut  and  set-screws  ;  the  bracket  is  supported  by, 
aud  turns  upon  a  column  keyed  and  fastened  to  the 
principal  frame  in  front  of  it  Tho  table  is  thus 
movable  horizontally  in  two  ways, — centrally 
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on  its  own  axis,  and  radially  about  the  column  ; 
and  it  may  be  swivelled  aside  to  make  way 
for  large  or  heavy  work  ujkhi  the  l»ase-plute. 
It  is  obvious  that  the  needful  over-bang  of 
the  drill -spindlo  from  tbe  frame  is  com- 
jtaratively  increased  by  the  advance  of  the 
Hwivel  column,  which  limits  the  clear  space  for 
objects  placed  on  the  table ;  the  column  is, 
however,  removable  with  the  table  when  greater 


space  is  required.  The  table  is  elevated  by 
meiins  of  a  worm  and  gearing,  with  a  vertical 
rack  bearing  u|K>n  the  column,  embedded  in  the 
socket  of  the  bracket,  and  swivelling  with  it 
(fig.  13G,  page  170). 

7.  Self-acting  Planing  Machine, — This  ma- 
chine is  made  for  planing  work  not  exceeding 
C  feet  by  G  feet  by  20  feet  long,  and  is  arranged 
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with  three  independent  cutter-boxes.  The  tabic 
is  traversed  by  a  rack  and  pinion  worked  by 
bevil-gear  from  the  driving -shaft,  which  lies 
parallel  to  the  machine  at  its  base,  and  thus  the 
machine  can  be  put  down  in  a  line  with  lathes 
and  other  tools,  under  the  line  of  shafting,  or  it 


can  be  placed  alongside  a  wall,  and  driven  by 
the  shaft  against  it.  The  bevil  gear  is  double, 
comprising  a  motion  for  reversing  at  quick 
speed,  With  two  fast  and  one  loose  pulley, 
driven  by  the  strap  ;  tho  gearing  is  good, 
but  it  is  in  the  way  of  tho  attendant.  Tho 
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pinion  for  driving  the  rack  is  of  malleable 
cast  iron,  fitted  on  the  shaft,  with  a  key ; 
the  shaft  ia  steadied  by  a  close-fitting  tatting  on 
each  side  of  the  pinion,  which  is  usually,  in  other 
machines,  overhung,  upon  one  bearing  only,  and 
is  subject  to  tremulousness  under  heavy  cut*. 
The  reversing  motion  is  regulated  by  means  of 
two  strikers  fastened  to  a  T  groove  in  the  side 
of  the  table,  and  adjustable  vertically.  They 
strike  a  lever  having  a  wrought-iron  toothed 


segment  gearing  with  a  pinion  ou  the  rocking- 
shaft  which  moves  the  belt-guide,  and  are  so  ad- 
justed as  to  strike  the  lever  nearer  to  its  centre 
when  the  table  arrives  near  the  end  of  its  slow 
movement,  and  farther  from  its  centre  when 
the  table  is  on  its  quick  movement.  In  this  way, 
the  action  for  shifting  the  belt,  at  the  two  ends 
of  the  travel,  is  equalized,  and  the  machine  con- 
stantly reverses  at  the  same  points  without  the 
aid  of  sto])fl  or  balance-weights  to  shift  the  strap. 
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The  feed  is  obtained  from  the  same  motion, 
being  carried  by  an  upright  shaft  to  a  ratchet- 
wheel  and  intermediate  pinions,  all  of  them 
casehardened. 

The  cutter-box  saddles  are  novel  in  de- 
sign, being  made  with  double  swivelliug 
surfaces,  each  of  them  capable  of  swivelling 
completely  round  in  a  circular  T  groove. 
By  the  aid  of  this  compound  arrange- 
ment, not  only  may  a  common  cutter  be 
brought  into  position  for  under-cutting,  but 


oblique  upper  surfaces  may  be  planed,  the  down- 
ward slide  being  placed  at  the  requisite  angle 
to  feed  the  cut,  and  the  cutter-box  placed  at 
right  angles  with  tin*  slide  to  present  the  cutter 
fair  to  the  work.  The  side,  or  third  cutter, 
traverses  vertically  the  frame  on  which  it  slides 
by  a  self-acting  motion,  and  is  suitable  for 
planing  vertical  surfaces. 

The  "  vees "  on  the  bed,  on  which  the  table 
slides,  are  stiffened  by  a  vertical  flange  on  the 
out-hanging  edges  (fig.  137). 
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8.  Self-acting  Planing  Machine  (second  size). — 
This  machine  is  designed  like  the  larger  one, 
and  planes  objects  not  exceeding  30  inches  wide, 
30  inches  high,  and  5  feet  long. 

9.  Shaping  Machine, — This  machine  is  con- 
structed with  treble  gear,  for  a  maximum  stroke 
of  24  inches.  In  large  machines  of  this  kind, 
a  deficiency  of  power  is  frequently  felt  for  the 
long  strokes,  where  the  power  is  derived  direct 
from  the  cone-pulley,  whilst  for  light  work,  often 
put  on  the  machine  to  keep  it  going,  the  requi- 
site speed  cannot  be  obtained  without  vibration. 
To  avoid  this  result,  double-gear  driving-cones 
are  employed  by  the  exhibitors,  connected  to  the 


pinion-shaft  from  which  the  disc  or  crank-wheel 
is  driven.  For  light  and  finishing  strokes, 
the  cone-pulley  works  single  gear  of  slight  ratio ; 
and  for  heavy  work,  the  cone  works  another 
range  of  speeds  through  treble  gear.  The  bed 
is  of  the  ordinary  form,  but  is  made  deeper  than 
usual,  which  is  a  good  feature,  to  afford  ample 
stillness  and  support  for  the  overhanging  tables 
with  their  loads,  particularly  when  in  a  low 
position  with  large  objects  on  them,  and  to 
resist  the  pressure  of  the  cut  The  tables  are 
elevated  by  means  of  a  rack  and  worm-wheel 
instead  of  by  a  screw,  by  which  means  the 
weight  of  the  table  causes  no  additional  resist- 
i  ance   by  friction,  which  arises  more  or  less 
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when  the  table,  with  slackened  fixings,  presses 
forward  on  tbe  screw.  The  tables  are  sliifted 
horizontally,  out  of  the  way,  by  means  of  a 
rack  on  the  lower  edge  of  the  l>ed.  The  ram  or 
cutter-slide  is  moved  by  a  crank-motion,  with 
a  quick  return  applied  to  one  side  of  the  ram. 
The  crank-pin  or  revolving  stud  is  fixed  on 
the  side  of  a  spur-wheel  moved  from  the  pinion- 
shaft,  and  it  works  in  a  vibrating  slotted  lever, 
when  the  slower  forward  motion  for  the  cut  is 
produced  while  the  pin  is  performing  the  upper 
part  of  its  revolution  farther  from  the  contra  of 
the  slotted  lever ;  whilst,  for  the  faster  return- 
motion,  the  pin  returns  l>elow,  nearer  to  the 
centre  :  the  slotted  link  is  connected  to  the  ram 
by  a  connecting  link  at  the  side.  The  cutter- 
box  is  made  with  straight  and  circular  slides  to 
feed  vertically,  and  to  plane  hollows  and  rounds, 
with  self-acting  motions.  The  mandril  for 
circular  work  is  turned  as  usual  by  a  worm- 


shaft  ;  two  openings  are  made  for  the  mandril 
at  different  elevations  in  the  side  of  the  frame, 
one  above  and  one  below  the  worm-shaft,  in 
either  of  which  positions  the  mandril  may  1*« 
turned,  and  thus  works  of  large  diameter  inav 
Iks  shaped  (fig.  138,  page  172). 

10.  Shaping  Machine  (small  size). — This  ma- 
chine is  designed,  with  3£  inches  stroke,  for 
shaping  small  work,  as  nuts,  l>olt-heads,  keys, 
and  small  lovers.  There  are  two  headstocks  on 
one  bed, — one  for  flat  work  only,  the  other  for 
circular  work.  The  stroke  is  given  from  a 
shaft  with  a  crank-pin,  on  which  there  are  two 
pairs  of  driving-pulleys,  fast  and  loose,  of  two 
sizes,  to  give  two  speeds,  each  with  a  belt-fork, 
and  driven  by  a  drum  on  the  main  shaft.  The 
work  for  the  flat  machine  is  fixed  on  a  table  by 
vice-jaws,  and  is  made  to  traverse  ujxm  a  slide 
by  a  self-acting  motion  from  a  ratchet-wheel  and 
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screw.  The  table  may  be  shifted  vertically  to  a 
small  extent.  For  shaping  nut*  on  tins  table,  a 
small  dividing  apparatus  is  used  ;  and  the  ex- 
hibitors consider  that,  with  the  attendance  of  a 
boy,  and  the  ease  with  wluch  the  cutters  are 
ground,  nuts  may  l)e  shaped  more  cheaply  in 


this  machine  than  in  others  more  completely 
designed  for  nut-cutting.  The  other  headxtock, 
for  circular  work,  has  the  nine  driving  appli- 
ances. The  cutter-box  is  supplied  with  an 
additional  horizontal  slide  for  shaping  the  flat 
portion*  of  small  levers,  and  for  adjustment. 
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Tho  mandril  is  formed  with  a  taper  hole  likt> 
that  in  a  lathe-spindle,  to  receive  different-sized 
chucks,  screwed  up  by  a  nut  against  a  collar  (fig. 
139). 

11.  Self-acting  Slotting  Machine. — This  ma- 
chine is  designed,  with  a  12-inch  stroke,  for 
light  or  heavy  work,  and  for  this  purpose  is 


arranged  with  double  driving  gear,  which  is 
thrown  out,  and  the  cone-pulley  alone  used  for 
<|iiick  and  finishing  strokes.  The  frame  and 
IkmI  are  east  hollow,  in  one  piece.  The  cutter- 
slide,  or  mm,  is  held  by  continuous  sUdes  on  the 
frame,  to  confer  stiffness  and  durability.  The 
crank-disc  is  made  with  slots  across  the  face,  to 
receive  cross-head  bolts  for  fixing  and  adjusting 
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the  pin  to  various  lengths  of  stroke.  The  disc 
obtains  a  bearing  with  its  circumference  on  the 
framing  above,  by  which  a  more  nearly  direct 
resistance  is  opposed  to  the  strain  of  the  cut, 
than  when  the  strain  is  opposed  by  the  Bhaft- 


bearing  behind  the  disc.  It  is  stated  also 
that  there  is  less  wear  of  the  shaft-bearings. 
The  ram  is  counterweigh  ted  by  a  mass  of  metal 
in  the  fly-wheel  on  the  end  of  the  disc-shaft 
The  table  is  circular,  and  is  movable  longitu- 
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ilinally,  transversely,  and  by  rotation.  The 
feed-motion  in  all  of  these  directions  is  derived 
from  a  vertical  slot-cam  formed  on  the  spur- 
wheel  keyed  on  the  disc-sliaft,  and  is  taken 
down  by  a  lever  and  connecting-rod  to  a  rock- 
ing-shaft  alongside  the  base,  from  which,  at 
different  joints,  a  separate  set  of  ratchets  and 
gear  is  applied  to  work  each  feed.  These  feeds, 
Inking  at  hand,  may  be  thrown  off  at  a  moment's 
notice.  In  working  the  straight  rut.-,  but  little 
variation  of  the  feed  is  required ;  but  for  circular 


cuts,  the  rate  of  feed  is  affected  by  the  radius  of 
the  cut,  and  in  mixed  work  requires  to  be 
frequently  adjusted.  To  obviate  inconvenience 
and  delay  in  such  operations,  the  circular  feed  is 
supplied  with  serrate  slotted  levers,  by  means 
of  which  a  feed  of  from  one  to  eight  or  nine 
teeth  of  the  ratchet  may  be  taken  by  it,  whilst 
the  straight  feeds  take  one  to  three  teeth.  The 
table  is  adjustable  to  an  incline,  for  inclined 
work,  on  the  worm-shaft  as  a  fulcrum,  when 
it  is  kept  rigid  between  Intend  flanges.  Thus 
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the  lower  compound  slides  are  kept  rigid, 
and  utuversal-joints  are  dispensed  with  in  the 
feed-levers.  The  ram  may  be  raised  or  lowered 
by  means  of  a  screw  and  bevil-gear,  and  as 
the  slide-frame  for  the  mm  is  continuous,  the 
cutter  may  be  elevated  to  work  upon  high 
objects  which  would  not  jwss  between  the  table 
and  the  lower  jaw  of  the  frame  (tig.  140). 

12.  Small  Slotting  Machine,  —  This  machine 
has  3$  inches  of  stroke,  and  is  s]tecially  adapted  ; 


for  doing  a  variety  of  work  often  done  by 
hand,  or  at  a  loss  of  time  by  large  tools.  The 
machine  is  driven  simply  by  means  of  fast  and 
loose  pulleys,  with  belt-fork  brought  within  easy 
reach  of  the  boy  attending  at  the  front.  The 
cutter-slide  is  balanced,  and  is  carried  in  a 
swivelling  frame,  by  which  the  cutter  may 
be  set  to  slot  at  any  angle  required.  The 
table  is  circular,  with  compound  slides,  to  feed 
in  three  directions,  like  the  larger  machine. 
The  trunsverse  motion  is  9  inches  long,  and 
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it  and  the  circular  feed  are  self-acting.  The  Small  circular  work  may  be  accurately  chucked 
longitudinal  nlide  is  worked  by  hand  (tig.  in  the  centre  of  the  table  by  mean*  of  a  single 
141).  bolt  let  centrally  into  the  chuck. 
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13.  Circular  Shearing  Machine. — This  ma- 
chine is  designed  for  cutting  sheot-iron  from  the 
thickness  of  tin  to  ij  inch  thick.  It  consists  of 
two  circular  cutters,  both  driven  by  gearing,  the 
lower  cutter  being  adjustable  upwards  or  down- 
wanLs  in  an  excentric  tube,  by  means  of  a  worm 
and  wheel.  The  distance  apart  to  which  the 
cutters  are  set  is  a  little  less  than  half  the  thick- 
ness of  the  plate  to  be  ait.  Thus,  the  angles 
formed  by  the  cutters  with  the  surfaces  of  the 
plate  admit  of  the  work  being  readily  drawn  in. 
A  small  table  Is  placed  in  front  of  the  cutters 
to  earn*  the  work,  and  is  made  with  a  T  groove 
and  a  movable  stud  on  which,  as  a  centre-pin, 
circular  work  is  guided,  and  a  truly  circular 
form  is  cut.  The  machine  is  portable,  and  may 
be  driven  by  hand  or  by  power. 

14.  Pantograph  Cutter -forming  Machine. — 
This  machine  is  designed  for  cutting  or  forming 
the  circular  cutters  employed  in  wheel-cutting 
and  dividing  machines.  It  is  built  on  a  comjmct 
frame  about  18  inches  square,  to  lw  placed  on  a 
bench.  The  work  to  be  cut  is  fixed  on  a 
mandril  in  a  small  headstock,  with  a  divid- 
ing plate,  and  comjiound  slides  for  adjustment. 
The  cutter  is  a  small  conical  mill  on  a  vertical 
spindle  placed  in  a  frame.  The  spindle  is  turned 
by  means  of  a  spur  pinion  on  its  lower  end, 
driven  by  another  spur  which  derives  its  motion 
from  an  endless  cord  ;  and  the  necessary  tra- 
verse for  the  horizontal  cut  is  communicated 
U>  the  spindle-frame,  which  swivels  on  the  axle 
of  the  second  spur,  by  means  of  a  system  of  levers 
forming  a  parallelogram,  of  which  the  arms  are 
in  length  as  two  to  one.  These  level's  cany  a 
friction-roller  twice  tho  diameter  of  the  conical 
mill,  which  is  guided  round  a  template  twice 
the  section  of  the  cutter.  From  this  a  similar 
motion  of  half  tho  range  is  communicated  to 
the  conical  mill  or  spindle-frame,  and -the  process 
is  repeated  until  the  work  is  finished. 

15.  Surface- Plate*. — Three  surface-plates  are 
exhibited,  in  the  construction  of  which  special 
attention  has  been  given  to  the  form  of  the  ribs 
on  the  under-side  for  strengthening  and  support- 
ing the  plate.  A  deep  elliptic  rib  is  placed 
in  the  middle  of  the  plate,  with  straight  ribs 
radiating  from  the  circumference  of  the  oval. 
Equal  areas  of  surface  are  comprehended  between 
the  neighbouring  ribs,  for  the  pur]>ose  of  keeping 
the  casting  free  from  inequality  of  tcnsional 
strain.  The  plate  rests  on  three  screws  with 
spherical  heads,  having  "tommy-holes,"  by  means 
of  which  the  plate  may  be  levelled  with  ac- 
curacy. 


CHAPTER  XII. 

MACHINE-TOOLS     EXHIBITED  BY 

SHEPHERD,  HILL,  AND  CO.,  LEEDS. 

Messrs.  Shepherd,  Hill,  &  Co.  exhibited  a 
limited,  but  select,  number  of  genuine  tools,  judi- 
ciously designed,  and  honestly  and  soundly 
constructed,  on  well-tried  jmtterns  that  have  long 
bonie  the  test  of  experience,  with  some  ex- 
cellent practical  appliances. 

1.  St  f  acting  Slide  and  Screw-cntting  Lntlte. 
— This  lathe  is  made  with  8-inch  centres.  The 
fixed  headstock  has  a  four-s])eeded  cone  with 
back-gear.  The  cone-spindle  has  conical  bearings, 
and  the  play  is  taken  up  by  lock-nuts  at  the 
l«iek  bearing.  There  is  also  a  tail -pin  at  the 
end  of  the  spindle  to  receive  the  thrust.  The 
book-gear  shaft  works  in  excentric  bearings,  and 
is  turned  out  of  gear  with  the  cone-spindle  by 
revei-sing  the  excentrics.  The  chuck  is  fitted 
with  Clement's  driver.  The  fixed  headstock  is 
adjustable  to  an  angle  by  means  of  lateral  set- 
screws  iK'twecn  the  sides  of  the  lathe-bed,  to 
threw  the  centre  out  of  line,  and  facilitate  the 
turning  of  tajK-ring  or  conical  pieces. 

The  slide  is  worked  by  a  guide-screw,  in  front, 
for  cutting  screws  ;  and  by  means  of  a  rack,  also 
in  front,  for  ordinary  sliding.  The  rack  and  the 
pinion  working  into  it  are  placed  directly  in  a  ver- 
tical line  below  the  point  of  the  cutter,  to  confine 
the  strain  and  minimize  the  wear  of  the  sliding 
surfaces.  The  rack-motion  of  the  slide  is  derived 
from  a  slotted  driving  shaft  at  the  back 'of  the 
lathe-bed,  driven  by  a  pair  of  small  three-speeded 
cones,  of  which  the  upjier  one  is  hung  free  on  tho 
end  of  the  Imck  shaft  of  the  fixed  headstock,  the 
shaft  being  used  only  as  a  stud ;  it  is  moved  by 
spur-gear  from  tho  cone-spindle.  A  connection 
is  made  from  the  lower  cone  by  a  worm-wheel, 
through  a  cross  shaft  and  suitable  spur  gearing 
with  the  rack.  From  the  same  hack  shaft  a  feed 
motion  for  surfacing  is  taken  oil'  by  the  transverse 
screw.  The  slide  is  fitted  with  two  disengag- 
ing motions,  or  friction-couplings,  one  on  the 
surfacing  screw,  and  the  other  on  the  cross  sliding- 
shaft.  These  couplings  are  made  by  concentric 
cones,  which  may  be  instantly  locked  or  freed  by 
hand,  in  front,  by  turning  a  handle  half  or  quarter 
of  a  turn.  The  usual  mode  of  reversing,  by  an 
inverted  weighted  lever  at  the  back,  Ls  inconve- 
nient and  unsafe  if  the  cutter  enter  the  work  too 
far,  as  it  may  sjK>il  the  piece  ;  but  the  friction- 
coupling  gives  way  before  dangerous  cuts  can 
lxi  made.  The  workman  knows  by  exj>erience 
what  degree  of  tightness  to  put  upon  the  cones 
for  light  and  for  heavy  cuts  ;  in  short,  they  are  a 
safety-coupling,  and  practically  are  found  very 
convenient.  The  feed  motion  of  the  slide  is 
reversed  by  means  of  a  couple  of  intermediate 
pinions  in  a  swing-frame  worked  from  the  front, 
and  ojjerating  in  the  manner  already  described 
in  Messrs.  Fairbairn's  break-lathe. 
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The  guide-screw  is  reserved  exclusively  for 
cutting  screws,  and  is  engaged  with  the  slide  by 
means  of  a  long  half-nut  which  is  let  down 
upon  it,  and  disengaged  by  hand  by  means  of  an 
excentric  motion.  The  slide  may  be  quickly 
reversed  by  means  of  the  rack  gearing,  turned 
by  a  handle  in  front. 

2.  Self-acting  Break- -Lathe. — The  fast  head- 
stock  of  this  lathe,  14  inches  high,  is  made  and 
furnished  with  back-shaft  for  sliding,  with  the 
necessary  gearing  and  connections  to  the  slide, 
and  similarly  to  the  8-inch  lathe.  The  lathe 
has  an  expanding  gap  or  break,  the  fast  head- 
stock  being  fixed  ujton  a  short  block  with  a 
projection,  ujkui  which,  between  two  guides, 
one  end  of  the  bed  may  slide  j»irallel  to  the 
headstock.  The  feet  of  the  bed  slide  at  the 
same  time  upon  base- plates.  The  bed  is  moved, 
for  adjusting  the  width  of  the  gap,  by  means  of 
a  hand-screw  at  the  end  of  the  bed.  The  shifting 
headstock  has  an  eye  cast  on  it,  by  which  it  may 
l>e  temporarily  pinned  to  the  slide,  and  shifted 
along  the  bed  by  means  of  the  hand  traversing- 
gear  applied  to  the  slide. 

3.  Planing  Machine. — This  machine  is  made 
for  planing  objects  not  exceeding  5  feet  long  and 
2  feet  square.  It  is  fitted  with  a  single  cutter, 
having  self-acting  traversing  and  vertical  feeds, 
oj>erated  through  an  upright  slmft  at  the  side. 
The  table  is  fitted  with  the  ordinary  double 
tapi>et-motion  for  reversing.  It  is  driven  by  a 
duplicate  rack  and  pinion,  and  has  a  quick  return 
motion  of  three  times  the  cutting  speed. 

4.  Slotting  Machine. — This  machine  is  made 
for  a  maximum  stroke  of  1 2  inches.  The  ram  is 
carried  in  two  distinct  slides,  and  is  worked  by 
a  sliifting  stud  in  a  disc,  as  in  the  other  machines. 
The  elevation  of  the  nun  is  adjustable  by  a  screw 
and  hand-wheel  at  the  upper  end.  It  Is  driven 
by  a  five-Speeded  cone-pulley  in  bearings  on  one 
side  of  the  frame,  with  an  overhung  fly-wheel  on 
the  spindle,  and  a  pinion  to  drive  the  disc-shaft 
The  disc  is  let  jMirtndly  into  the  frame  to  obtain 
a  bearing  on  it*  circumference.  The  frame  is 
in  one  hollow  casting,  heavily  proportioned.  The 
table  is  circular,  with  the  usual  self-acting  feed- 
motions,  for  which  the  motion  is  derived  from  a 
horizontal  cam  on  the  disc-shaft,  through  an 
upright  rocking  shaft,  from  which  by  means  of 
small  mitre  wheels  and  slotted  levers  the  motion 
is  adjusted  and  conveyed  to  a  horizontal  rocking 
shaft,  and  thence  distributed  by  levers,  ratchets, 
and  gearing  to  the  slide-screws  and  the  worm. 
The  worm-shaft  is  steadily  supported,  without 
overhanging,  in  two  end  Wrings.  The  table 
is  well  supjKjrted  on  the  slides ;  but,  for  inclined 
slotting,  the  whole  system  of  slides,  being  hinged 
on  the  l»ase,  may  be  raised  from  it  in  one  mass. 

').  Bench  Shaping  MacJaue. — This  machine 
has  a  maximum  stroke  of  G  inches.    It  has  two 


headstocks  on  one  bed,— one  for  shaping  flat 
surfaces,  for  which  the  piece  Is  held  in  a  vice  ; 
the  other  for  circular  cutting,  for  which  the 
piece  is  held  on  a  double-cone  spindle,  buji- 
ported  at  the  outer  end  by  a  stay.  The  rams 
axe  driven  each  by  a  crank-pin  in  a  slotted  disc, 
adjustable  for  the  stroke,  and  a  connecting-rod 
in  the  centre  line  of  the  ram. 


CHAPTER  XIII. 

MACHINE-TOOLS    EXHIBITED    11Y    MESSRS.  SMITH, 
SEACOCK,  AND  TANJiETT,  LEEDS. 

Messrs.  Smith  &,  Co.  exhibited  a  number  of 
machines,  chiefly  sjoecial  tools,  in  some  of  which 
the  aid  of  the  template  is  introduced,  for  turn- 
ing and  shaping  contour  forms  by  self-acting 
means.  The  machine*  are  suljwtantially  made, 
though  they  are  occasionally  heavy  and  ungainly, 
and  are  constructed  in  the  old  style,  with  a 
numljer  of  pieces  bolted  together,  that  might 
have  been  advantageously  cast  in  one. 

1.  S'lf-actimj  Slide-Lathe  with  Template  Mo- 
tion. — This  lathe  has  8^-inch  centres:  it  is  self- 
acting  in  all  its  motions,  and  constructed  to 
fulfil  all  the  ordinary  duties  of  a  slide-lathe,  with 
the  addition  of  a  template  motion  in  front  of 
the  bed,  designed  to  guide  the  cutter  so  as  to 
describe  a  uniform  curve,  for  turning  the  lon- 
gitudinal swell  of  a  connecting-rod.  The  tem- 
plate may,  of  course,  be  changed  for  different 
swells,  to  suit  the  variety  of  connecting-rods, 
coupling-rods,  links,  and  other  work. 

The  ordinary  jwirts  of  this  lathe  are  fitted  in 
the  old  manner.  It  has  cylindrical  bearings  for 
the  cone-spindle,  and  a  tail-pin  to  take  the 
thrust.  The  traversing  slide-motion  is  derived 
from  the  back-sliaft  of  the  headstock  with  a  jwir 
of  small  three-speed  cone-pulleys,  and  a  reversing 
motion  by  means  of  intermediate  spur-wheels  in 
a  swing-frame  worked  from  the  front,  as  described 
in  Messrs.  Fairbairn's  lathe.  The  traverse  feed- 
motion  is  thrown  out  of  gear  with  a  clutch  and 
upright  weighted  lever,  which  is  pushed  over, 
and  slides  the  intermediate  spur  out  of  gear 
with  its  pinion.  The  upjter  portion  of  the  shift- 
ing headstock  is  shifted  transversely  on  its  base 
by  means  of  a  screw,  out  of  the  centre  line  of 
the  bed,  for  angular  or  conical  turning.  To  fix 
the  spindle  in  the  headstock,  the  latter  is  slit 
open  for  a  few  inches  at  the  end,  and  has  two 
edge-flanges  drawn  together  by  a  screw,  so  as  to 

clasp  the  spindle. 

2.  S?f fading  Slule  Screw-cutting  ami  Cotter- 
(liming  Lathe. — This  lathe  has  7-inch  headstocks, 
with  the  ordinary  motions  for  sliding,  surfacing, 
and  screw -cutting,  and  a  sjiecial  motion  for  turn- 
ing the  round  edges  of  gibs  and  cotters.  The 
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work  is  reciprocated  in  half-round  evolutions, 
by  means  of  an  eccentric  on  the  lack-shaft  of 
the  headstock,  which  works  a  rack  to  and  fro, 
gearing  into  a  pinion  on  the  back  of  the  faceplate, 
l>y  which  the  rocking  motion  is  produced.  The 
feed  is  provided  by  a  motion  from  a  zigzag  groove 
in  the  rack,  to  work  a  ratchet  from  which,  with 
suitable  connections  to  the  sliding-shaft  at  the 
back,  the  traverse  of  the  slide  is  given. 

The  guide-screw  for  cutting  screws  is  placed 
at  the  front  of  the  lied,  and  the  rack  for  sliding 
at  the  back  of  the  IkhI. 

3.  Bnffer-Lathe. — This  lathe  is  made  with  a 
central  fixed  headstock  and  two  shifting  head- 
stocks  ;  with  two  slides,  one  of  each  on  each  side, 
for  turning  two  buffer-rods  at  once.  The  fixed 
headstock  has  a  three-speeded  cone  and  dead 
centres,  and  the  power  is  transmitted  by  gearing 
to  two  spur-wheels,  one  on  each  end  of  the  cone- 
spindle,  in  the  pcisitiona  usually  occupied  by 
faceplates.  The  slides  liave  self-acting  surfacing 
and  sliding  motions  derived  from  the  cone-spindle, 
with  the  addition  of  a  template  motion  to  each 
for  sliding  the  curved  and  angular  portions  of 
tho  buffer-heads :  one  attendant  works  both 
divisions  of  the  lathe. 

4.  Self -acting  Shaping  Machim. — Tliis  ma- 
chine is  designed  for  shaping  keys,  cotters,  and 
general  light  work.  It  has  three  cutter-heads 
on  one  bed,  driven  separately,  with  a  maximum 
stroke  of  5  inches,  and  14  inches  lateral  traverse. 
The  middle  head  is  fitted  with  a  table  and  a 
double-cone  spindle  for  circular  shaping ;  tho 
end  heads  are  fitted  for  straight  cutting  only. 
The  tables  are  raised  or  lowered  by  means  of 
hand-screws.  There  are  no  vices  for  fixing 
plain  work  on  the  tables.  This  machine  may 
1«  managed  by  one  attendant. 

5.  Slotting  Machine. — This  machine  lias  a 
maximum  stroke  of  20  inches.  It  is  designed 
for  slotting  the  cranked  axles  of  locomotives, 
and  can  cut  a  slot  in  the  nave  of  a  railway 
wheel  7  feet  in  diameter.  For  cranked  axles  it 
may  cut  out  the  welw  between  the  cnuik-arms 
with  two  tools  at  once,  fixed  on  the  ram,  and 
may  also  be  applied  to  shape  and  finish  the 
crowns  and  sides  of  the  crank-arms  with  two 
tools  at  once,  the  axle  being  secured  on  the  table 
in  a  vertical  position. 

The  frame  and  the  sole  are  cast  separately  in 
hollow  or  box  castings,  and  bolted  together  with 
a  vertical  joint.  The  driving  cone-pulley  has 
five  speeds,  and  has  its  bearings  on  one  side  of 
the  frame.  The  ram  has  three  long  vertical 
grooves  in  front,  to  receive  the  holding  bolts  for 
one  or  two  cutters,  at  any  required  elevation. 
The  elevation  of  the  mm  is  adjustable  by  a 
hand-wheel  and  screw  at  the  top.  The  ram  is 
carried  in  two  distinct  slides,  and  is  driven  by  a 
connecting-rod  from  a  grooved  disc,  for  which  a 
gun-metal  edge-bearing  is  introduced  on  the  upper 


side.  The  disc-shaft  is  driven  with  a  quick 
return,  with  the  aid  of  an  intermediate  shaft 
which  is  driven  by  the  cone-spindle.  Tho  shaft 
carries  two  pinions,  which  gear  alternately  with 
two  spur-segments  on  the  disc-shaft,  one  of 
which  performs  the  down-stroke ;  the  other,  for 
the  up-atroko,  is  a  flatter  segment,  and  the  dri- 
ving pinion  is  eccentric,  giving  a  quick  return 
as  by  ordinary  gearing.  Tho  table  is  up- 
wards of  four  feet  in  diameter,  and  has  the 
usual  self-acting  motions,  of  which  tho  longi- 
tudinal and  transverse  feeds  are  performed  by 
means  of  a  pair  of  screws  to  each,  one  on  each 
Hide  of  the  centre  line  of  motion.  The  circular 
feed  is  performed  with  a  single  worm  :  probably 
a  duplicato  worm  on  the  other  side  of  the  table 
would  be  an  improvement. 

The  feed  is  taken  down  from  a  vertical  cam 
on  the  disc-sliaft,  through  an  upright  shaft,  to 
a  slotted  lever  on  the  lower  end,  from  which  the 
feed  is  regulated  and  distributed  through  shaft- 
ing and  gearing  to  the  tabic. 

6.  Connecting-Rod  Slotting  Machine. — This 
machine  is  designed  to  sha]>o  and  finish  the 
edges  of  connecting  and  coupling-rods  for  loco- 
motive engines,  Sic,  by  a  combination  of  self- 
acting  motions.  There  are  two  headstock  a  on 
one  bed,  with  self-acting  motions  longitudinally, 
transversely,  circularly,  and  by  template,  the 
work  being  secured  on  a  continuous  shelf  or 
table  in  front  The  headstocks  have  separate 
overhead  and  driving  motions.  The  template 
to  be  applied  contains  the  contour  form  of  the 
object  to  be  shaped  or  slotted,  and  the  tool 
moves  freely  to  this  form.  There  is  a  consider- 
able quantity  of  gearing  employed  in  the  con- 
struction of  this  machine  ;  and  the  cutter  is  not 
fixed  direct  to  tho  ram  in  the  usual  way,  but  is 
excessively  overhung  in  a  cluster  of  details  ap- 
pended to  the  liase  of  the  ram,  for  carrying  out 
a  self-acting  circular  motion  of  the  cutter. 

7.  Rifling  Machine  forCannon. — Thismachino 
is  adapted  for  rifling  guns  with  any  number  of 
grooves,  with  any  degree  of  twist,  regular  or 
irregular.  It  was  constructed  from  the  designs 
of  Mr.  John  Anderson,  superintendent  of  the 
Royal  Gun  Factories,  Woolwich,  and  is  a  first- 
rate  application  of  exact  and  scientific  principles. 
The  whole  machine,  with  means  of  fixing  the 
gun  to  bo  rifled,  stands  upon  a  long  and  solidly- 
formed  baseplate  cast  in  one  piece,  28  feet  long 
and  4  feet  wide.  The  rifling  mechanism  occupies 
one  end,  and  the  gun  the  other  end,  of  the  base- 
plate. The  rifling-bar,  5  inches  in  diameter, 
and  the  sliding  carriage  by  wliich  it  is  forwarded, 
rest  upon  a  solidly-constructed  bed,  like  a  lathe- 
bed,  fixed  upon  the  base-plate,  tho  bar  turning 
in  two  bearings,  one  upon  the  carriage  and  the 
other  a  stationary  bearing  uj>on  the  end  of  the 
bed,  near  to  the  muzzle  of  the  gun,  through 
which  the  bar  slides  longitudinally.  The  car- 
riage is  traversed  by  a  longitudinal  screw  5  A  inches 


Digitized  by  Google 


178 


MACHINE-TOOLS,  ETC.,  FOB  WORKING  in  IRON. 


in  diameter,  with  double-acting  bcvil-gear  and 
three  belt-pulleys  for  forwarding  and  reversing, 
as  in  Messrs.  Whitworth's  planing  machines. 
The  rifling  cutters  are  fixed  on  the  far  end  of 
the  bar,  and  the  revolving  or  twisting  movement 
of  the  bar  is  derived  by  means  of  a  pinion  with 
machine-cut  teeth  of  fine  pitch,  keyed  on  the 
near  end,  which  is  turned  by  a  rack  that  slides 
transversely  on  the  carriage,  like  an  ordinary 
cross  slide.  The  traverse  of  the  rack-slide  is 
communicated  from  a  "  tangent-bar,"  similar  in 
function  to  a  template,  consisting  of  a  parallel- 
sided  bar  laid  horizontally  at  an  angle  to  the 
carriage -bed,  and  embraced  by  a  jwiir  of  friction 
or  guide  rollers  hung  at  the  end  of  the  rack-slide. 
As  the  carriage  traverses  upon  tho  bed  towards  the 
gun,  and  the  cutters  advance  along  the  bore,  the 
rollers  likewise  traverse  upon  tho  tangent-bar ; 
and,  through  them,  the  bar,  by  its  angularity, 
gradually  pushes  the  rack-slide  across  the  bed,  the 
slow  motion  of  which  is  converted  by  the  pinion 
into  a  very  slow  revolving  motion  of  the  rifling- 
bar,  generating  the  required  degree  of  rifle  for 
the  bore  of  the  gun.  The  proportions  for  any 
degree  of  rifling  are  matters  of  simple  calculation. 
The  tangent-bar  may  lie  set  by  a  liand-screw  to  any 
angle  horizontally  with  the  bed  of  the  machine  ; 
and  there  is  a  refinement  by  which  the  wear  of 
the  pinion  may  be  taken  up  to  prevent  backlash, 
the  pinion  being  made  in  two  lengths,  divided 
across  the  axis,  and  adjustable  so  that  the  teeth 
of  the  one  may  slightly  overrun  those  of  the 
other  half,  and  extinguish  the  slackness. 

The  motion  for  regulating  the  radial  projection 
of  the  cutters  and  the  depth  of  the  rifle-grooves 
in  the  bore,  is  derived  from  a  pair  of  "  master- 
bars,"  or  templates  placed  alongside  the  bed, 
which  are  traversed  alternately,  one  in  each  di- 
rection, by  a  roller  on  the  end  of  a  weighted 
lever  attached  to  the  carriage.  The  weighted 
lever  is  connected  with  the  cutters  by  means  of 
a  rod  passing  right  through  the  rifling-bar,  which 
is  hollow,  having  a  conical  termination  at  the 
far  end  to  act  upon  the  cutter-holders  in  the  bar, 
and  project  or  withdraw  them  as  required  for 
the  formation  of  the  groove.  The  weighted 
lever  and  roller  in  travelling  along  the  upper 
bar  project  the  cutters  according  to  the  outline  of 
the  bar,  and  produce  the  exact  figure  in  depth 
or  profile  required  to  }>e  given  to  the  groove. 

The  rifling-l»ar  generally  used  for  the  larger 
guns  lias  eight  cutters  in  action  at  once,  and  the 
gun  is  so  placed  in  l>earings  as  to  be  readily 
turned  on  its  axis  by  self-acting  gear.  The  work- 
manship and  general  appearance  of  this  machine 
are  most  praiseworthy. 

8.  Universal  Shaping  Machine. — This  is 
another  of  those  exceptional  and  complicated 
machines  in  which  simplicity,  on  the  one  hand, 
and  due  proportions  between  bolt^powor  and 
the  work  to  be  done,  apjx'ar  to  have  been  over- 
looked. The  three-speeded  driving-cone  is  placed 
at  the  summit  of  the  machine,  between  six  and 


seven  feet  from  the  ground,  which  is  a  wrong 
position.  The  cone  has  pulleys  5  inches  wide, 
of  which  the  largest  is  20  inches  in  diameter,  for 
the  purpose  of  driving  small  circular  cutters. 
The  machine  is  designed  to  shape  by  circular 
cutters  the  curves  or  irregular  forms  of  pieces 
usually  shaped  by  hand  labour.  It  has  a  massive 
frame  of  enormous  strength,  the  lower  part  of 
which  is  similar  to  the  bed  of  a  shaping  machine, 
having  a  table  attached  by  slides  to  one  side. 
The  table,  12  inches  in  diameter,  may  bo  swi- 
velled vertically,  like  the  cutter-box  of  a  planing 
machine,  to  any  angle,  and  is  provided  with  a 
dividing- wheel  and  change-wheels.  It  has  a 
self-acting  horizontal  motion,  and  a  circular 
motion  with  worm  turned  by  hand.  Then* 
lire,  in  addition,  a  four-screwed  chuck,  a  small 
}>edplate  with  headstocks  and  dividing  apparatus 
for  fluting  and  grooving,  and  a  slide-vice  for 
gripping  the  work.  Nuts  are  cut  suspended 
in  the  small  headstocks  just  named,  the  cutter 
dragging  the  nut.  Should  the  cutter  be  allowed 
to  get  blunt,  tho  strain  would  probably  break 
the  miniature  headstocks. 


CHAPTER  XIV. 

MACHINE-TOOLS    EXHIBITED  BY  MESSRS.  MACLEA 
AND  MARCH,  LEEDS. 

Messrs.  Maclca  &  March,  Leeds,  exhibited  a 
numlxjr  of  tools  of  ordinary  construction.  A 
7.|,  inch  slide-lathe,  with  back  gear,  has  a  rack  in 
front  of  the  l**d  for  sliding,  with  a  traversing 
motion  from  a  back  shaft.  The  cutter-holder 
swivels  in  the  slide-rest.  Second,  a  doubU-face- 
plato  1/oheeI  ftrti»j  with  6  feet  4  inch  face-plates, 
to  turn  G  feet  wheels.  The  face-plate  is  weakened 
by  four  deep  crosshead  grooves,  radially  across 
the  face,  for  fixing  the  chucks.  The  holes  formed 
through  the  face  are  very  irregular  and  unequal. 
The  "  vees  "  for  the  slides  are  tightened  by  means 
of  slips  inserted  between  the  bevil  surfaces,  and 
drawn  up  by  thumb-screws.  Complete  accuracy 
can  scarcely  bo  ensured  with  such  fittings. 
Third,  a  sltaping  machine  of  12  inches  stroke,  in 
which,  to  compensate  for  the  insuflicient  depth 
of  the  lied,  the  table-frames  are  stayed  at  the 
foot  by  a  cross  slide-plate  bolted  to  the  base. 
This  is  a  useful  addition,  and  no  doubt  some  other 
exhibited  sliaping  machines  would  have  been 
better  for  it.  There  are  two  tables,  each  having 
two  vertical  planed  faces  for  fixing  pieces  laterally, 
— very  handy.  The  ram  is  driven  by  a  slotted 
link  with  a  quick  return.  The  feed  is  taken 
from  a  double  inclined  plane  on  the  back  of  the 
ram,  through  a  lever  resting  on  and  moved  by 
it, — primitive.  Fourth,  an  ordinary  slotting 
inacJiine,  of  6  inches  stroke.  Fifth,  a  planing 
macJane,  with  deeply  grooved  ''vees,"  and  ir- 
regular bolt-holes  in  the  table. 
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CHAPTER  XV. 

MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  JOSHUA 
BICHTON  AND  OO.,  LEEDS. 

Messrs.  Buchton  <k  Co.  exhibited  four  ma- 
chines, of  which  a  brief  notice  may  be  given. 

1.  Self-acting  Sliding  and  Screw- cutting 
Lttfht. — This  lathe  has  8-inch  centres.  The 


cone-spindle  has  conical  bearings,  with  lock- 
nuts,  and  a  tail-pin  in  addition,  which  for  con- 
venience is  fixed  vertically.  A  spur  is  fixed  on 
the  spindle  inside  the  tail-pin,  and  gives  motion 
for  two  feeds, — first,  through  change-wheels  to 
the  front  for  the  guide-screw  ;  second,  by  turn- 
ing a  wheel  attached  to  the  first  of  a  j»ir  of 
small  cone-pulleys,  to  give  motion  to  the  worm- 
shaft  at  the  back  for  sliding,  with  a  reversing 
motion  by  intermediate  wheels  in  a  swing-frame. 


Fin.  112. 
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The  sliding  feed  is  thrown 
out  of  gear  by  means  of  the 
ordinary  sliding  clutch  and 
■weighted  levers,  to  engage 
or  disengage  the  worm- 
wheel.  The  centre  of  the 
guide-screw  is  placed  at  a 
distance  of  0  inches  from  the 
side  of  the  bed  ;  and  with 
such  a  great  leverage  —  at 
1 1  inches  from  the  centre 
line  of  the  bed — the  obliquo 
strain  and  friction  in  moving 
the  slide  must  bo  very  con- 
siderable. The  swing-frame 
for  the  change -wheels  i.s 
hung  on  tho  end  of  the 
screw,  and  must  increase  the 
strain  on  the  bearings  of  the 
screw.  The  shifting  head- 
stock  has  a  transverseadjust- 
ment  for  conical  turning. 
The  bed  is  formed  with  a 
gap  or  break,  for  which, 
when  not  in  use,  a  filling- 
piece  is  supplied  and  inserted, 
milking  a  flush  and  con- 
tinuous bed  (fig.  142). 


2.  Stiaping  Machine. — 
This  machine  has  9  inches 
stroke.    It  has  two  adjustable  tables  for  flat 
■work,  and  a  conical  mandril  for  circular  work. 
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The  ram  is  reciprocated  from  a  slotted  link 
with  a  quick  return,  worked  by  an  adjust- 
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muskets,  on  the  American  system, — and  abound 
in  ingenious  special  contrivances,  the  prevailing 
feature  being  the  circular  cutter  for  "  milling." 
The  business  of  designing  and  specializing  ma- 
chine-tools is  an  arduous  one,  and  is  most  cre- 
ditable to  the  pioneers  of  machinery  who  can 
be  found  to  undertake  the  task. 


able  stud  in  a  revolving  lever  on  the  second 
shaft,  with  a  short  connecting-rod  attached  cen- 
trally to  the  ram,  and  at  the  near  end,  so  that 
the  fore  part  may  not  be  strained  downwards 
by  the  pressure  from  behind.  The  feed-motions 
for  the  traverse  of  the  ram,  and  the  rotation  of 
the  double-cone  spindle  for  circular  work,  are 
neatly  derived  from  the  lower  ond  of  the  vibrat- 
ing slotted  lever,  by  a  rod  working  a  i  <  <  king- 
shaft,  from  which  ratchets  are  brought  to  bear 
upon  one  or  other  of  two  spur-wheels  on  the 
ends  of  two  horizontal  screws,  which  give  the 
two  feeds.  A  self-acting  feed  for  revolving  the 
cutter-box,  for  hollow  shaping,  is  derived  from 
the  reciprocations  of  the  ram,  by  means  of  which 
a  couple  of  tappets,  alternately  struck,  work  a 
ratchet-motion  on  the  worm-shaft,  on  which  the 
worm  turns  the  worm-wheel  on  the  pivot  of  the 
cutter-box  (fig.  143). 

3.  Slotting  Machine. — In  this  machine,  of 
9  inches  maximum  stroke,  the  ram  works  in  two 
slides,  and  very  much  overhangs  the  slotted  disc 
by  which  it  is  driven,  which  also  overhangs  its 
l>earing,  without  any  assistance  from  an  up}>er 
bearing,  to  reduce  the  leverage  strain.  The 
cone  is  overhung  upon  its  spindlo  behind  the 
frame.  The  table  is  fitted  with  the  three  self- 
acting  feed -motions,  derived  from  a  vertical 
slotted  cam,  in  the  face  of  the  spur-wheel  on  the 
disc-shaft 

4.  Punching  ami  Shearing  Macliine. — This  is 
a  machine  of  extremely  large  and  heavy  dimen- 
sions, such  as  is  used  in  ship-building  yards 
where  the  heaviest  class  of  iron  vessels  are  con- 
structed. It  is  driven  by  compound  gear,  with 
a  double  reduction  of  speed,  and  is  made  for 
punching  lj-inch  holes  in  1^-inch  plates,  and 
for  shearing  1 J -inch  plates,  at  a  maximum 
distance  of  2  feet  from  the  edge  of  a  plate.  The 
shears  are  placed  obliquely,  so  as  to  clear  and 
cut  bars  of  any  length.  The  machine  has  a 
third  appliance  in  the  middle  for  shearing  angle- 
iron,  up  to  7  inches  broad  on  a  face,  with  a 
knee-jointed  motion  and  a  stop-motion.  The 
angle-iron  to  be  cut  is  laid  flat  on  one  of  its 
sides,  and  the  shear  descends  in  an  angular 
direction.  This  appliance  is  of  great  utility  for 
shearing  the  ends  of  deck-beams  that  'cannot  be 
cut  on  tho  ordinary  mode  of  fixing  angle-iron 


CHAPTER  XVI. 

MACHINES  EXHIBITED  BY  MESSRS.  GREENWOOD 
AND  BATLEY,  LEEDS. 

Messrs.  Greenwood  <fc  Batley  exhibited  a 
number  of  machines  for  working  both  in  metal 
and  in  wood.  They  are  designed  for  special 
purposes, — chiefly  for  the  manufacture  of  rifle- 


1.  Straight  Milling  MacJUne, — In  this  ma- 
chine the  circular  cutter  is  fixed  on  a  spindle 
driven  by  a  wheel  and  pinion,  of  which  the  teeth 
are  cut  diagonally,  forming  portions  of  many- 
threaded  screws,  working  into  each  other.  The 
object  of  this  formation  of  teeth  is  to  produce 
smooth  working.  The  journals  of  the  spindle  are 
adjustable  vertically,  and  very  accurately  fitted, 
and  move  simultaneously  by  screws.  The  spindle 
is  held  endways  by  means  of  hardened  cast-steel 
collars,  which  are  ground  with  the  greatest  care. 
The  circular  cutters  are  ground  up,  after  having 
been  hardened,  to  the  exact  shape,  and  the 
cutting  edges  are  matured  by  the  same  process. 
They  are  so  shaped  as  to  be  capable  of  being 
frequently  sharpened  without  softening,  for  the 
sake  of  economy  of  maintenance.  The  table 
is  self-acting,  with  a  self-acting  stop-motion  to 
act  when  the  work  is  finished,  and  prevent  the 
risk  of  breakage.  This  machine,  with  «  fixings," 
performs  nearly  one-fourth  of  all  the  shaping 
required  for  a  rifle. 


2.  Profile  Milling  Machine. — This  machine  is 
adapted  for  copying  irregular  figures,  with  a 
circular  cutter  on  an  upright  spindle,  carried  by 
a  vertical  slide.  A  steel  copy  of  the  form  re- 
quired to  be  produced  is  fixed  on  a  table,  and 
the  machine  being  put  in  motion,  a  steel  tracer 
of  the  same  size  as  the  cutter,  on  a  parallel 
upright  spindlo  carried  by  the  same  slide,  is 
held  by  means  of  a  hand-lever  with  a  universal 
joint,  in  contact  with  the  copy,  whilst  the  table 
is  moved  by  the  other  hand  of  the  operator,  so 
as  to  traverse  the  length  of  the  article  to  be 
cut  By  a  species  of  parallel  motion,  all  the 
intricacies  of  the  shape  of  the  copy  are  followed 
by  the  tracer,  whilst  the  cutter  shapes  the  work 
to  the  exact  form  of  the  copy.  Lock-plates, 
hammers,  butt-plates,  trigger-guards,  Ac,  are 
shaped  upon  this  machine  with  accuracy  and 
despatch  ;  and  the  tedious  process  of  filing  to 
"  former  "  is  almost  entirely  dispensed  with. 

3.  Rifling  Machine. — This  machine  is  designed 
for  rifling  musket-barrels,  and  is  similar  to  those 
made  by  the  Exhibitors  for  the  Small -Arms 
Factory  at  Enfield.  The  bed  ia  placed  a  few 
degrees  off  the  level.  At  the  lower  end  there 
are  suitable  bearings  and  dividing  apparatus  to 
receive  the  barrel.  At  the  upper  end  the  rifling 
bar  is  carried,  and  is  turned  by  a  pinion  and 
transverse  sliding  rack,  regulated  by  a  tangent 
bar,  to  give  the  twist.  The  grooves  in  an 
Enfield  rifle  are  progressive  in  depth  from  the 

I  muzzle  to  the  breech  : — that  is,  they  are  deepest 
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at  the  breech,  and  they  run  out  towards  the 
muzzle,  where  the  cut  is  scarcely  1- 100th  of  an 
inch  in  depth.  To  produce  this  effect,  the  cutters 
arc  gradually  forced  radially  outwards,  being 
made  to  ascend  an  inclined  plane  by  the  agency 
of  a  screw  on  the  end  of  a  square  rod  within 
the  rifling  bar, — the  screw  turning  into  the  end 
of  the  rifling  bar,  inasmuch  as  the  rifling  bar 
revolves  in  giving  the  twist,  whilst  the  square 
rod  remains  at  rest  in  connection  with  the  feed- 
gear.  There  is  a  self-acting  variable  motion, 
which  regulates  the  length  of  traverse  of  the 
saddle  on  the  l>ed,  to  give  the  stroke  of  the 
cutter,  in  proi»ortion  to  the  depth  of  the  cut : — 
beginning  at  the  breech  with  a  short  stroke,  and 
gradually  increasing  the  length  of  stroke  till  it 
amounts  to  the  whole  length  of  the  barrel.  A 
considerable  saving  of  time  is  thus  effected,  in 
limiting  the  length  of  traverse  to  the  length  of 
each  successive  cut. 

4.  Moulding-table  for  Sfiells. — This  table  is 
constructed  for  moulding  40-poundcr  Armstrong 
shells,  with  its  accompanying  core-table.  It  was 
titted  up  at  the  Royal  Laboratory  department, 
at  Woolwich  Arsenal,  and  is  in  principle  the 
same  as  tables  constructed  by  the  Exhibitors 
for  making  spherical  shot  and  shell  for  the 
Royal  Arsenal. 

5.  Percussion-cap  Machine. — This  machine 
was  arranged  by  Mr.  Wm.  Whitehill,  and  made 
for  military  purposes  at  the  Royal  Arsenal. 
The  caj»  are  formed  from  "  crosses "  punched 
out  of  sheet  copper  by  six  punches  on  the  ends  of 
plungers  worked  by  an  eccentric.  The  crosses  are 
dropped  down  abides,  and  are  caught  by  a  second 
series  of  six  punches,  by  which  they  are  forced 
into  dies,  and  finished  to  the  exact  form  of  the  cap. 
The  caps  are  delivered  from  the  machine  ready  to 
receive  the  charge  of  percussion-powder,  and  are 
manufactured  at  the  rate  of  35,000  per  hour. 

C.  Boot-pegging  Machines. — Tln-so  machines, 
the  invention  of  Mr.  White,  are  designed  for  peg- 
ging or  riveting  on  the  soles  of  boots  and  shoes. 
The  smaller  machine  is  for  cutting  the  pegs 
from  wire.  By  one  stroke  the  wire  is  cut  dia- 
gonally, and  by  the  return  stroke  squaro  across, 
thus  producing  two  diagonal-pointed  pegs.  The 
pegs  are  deposited  in  two  feed-boxes,  with  spiral 
grooves  into  which  the  j>egs  are  delivered  against 
the  action  of  a  coiled  spring.  From  this  machine 
the  boxes,  when  filled,  are  removed  to  the  second, 
the  pegging  machine.  The  pegs  are  driven  by 
a  punch  tbrough  a  guide  at  the  mouth  of  the 
feed-box  into  and  through  the  sole,  and  clinched 
at  the  pi  ant  upon  an  imn  last  inside. 

7.  FUe-ciUting  Machine. — This  machine  re- 
sembles a  steam-hammer  in  general  apjxsirance. 
It  is  provided  with  a  vertical  slide,  carrying  a 
chisel  at  the  lower  end  ;  the  upper  end  is  sub- 
ject to  the  action  of  a  flat  spring  governed  by  a 


cam,  actuated  by  a  ratchet-wheel  and  paul,  to 
adapt  the  strength  of  tho  blow  of  the  chisel  to 
the  varying  breadth  of  the  file.  Tho  "  blank  " 
to  be  cut  is  placed  upon  a  zinc  1**1  on  a  travelling 
si  ide,  which  rests  upon  a  semicircular  bed  mounted 
on  trunnions  which  turn  in  swivelling  journals, 
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so  that  the  blank  may  be  presented  at  the  de- 
sired angle  to  tho  chisel.    The  blank  is  held 
parallel  to  the  edge  of  the  chisel  by  means  of  a 
i  weighted  lever  (fig.  144). 

The  machine  makes  from  700  to  1,000  cuts 
per  minute,  and  is  said  to  produce  about  five 
times  the  quantity  of  work  done  by  hand-cutting. 
It  is  remarkable  also  that  cutting-cliisels  in  tho 
machine  ait  five  times  as  many  files  as  can  bo  cut 
with  them  by  hand  without  resharpening ;  which 
appears  to  arise  from  the  fact  tliat  the  chisel 
is  driven  into  the  blank,  and  withdrawn  in  a 
straight  line,  without  any  of  the  rubbing  action 
which  takes  place  in  hand-cutting,  when  the 
edge  of  the  chisel  is  rubbed  a  short  distance 
along  the  surface  of  the  blank  until  it  comes  in 
contact  with  the  tooth  last  made,  which  is  the 
only  guide  the  hand-cutter  has  to  produce  regu- 
larity of  cut.  The  machine-cut  files  are  found  to 
he  as  good  and  valuable  as  the  l>est  hand-cut  files. 

8.  Wire-testing  Machine.- — This  machine,  ori- 
ginally arranged  to  test  the  tensile  strength  of 
music- wires  for  pianos,  haqw,  <fec,  has  since 
been  employed  by  telegraph-cable  makers,  card- 
makers,  and  others,  when  a  correct  test  of  tho 
strength  of  wire  is  of  iinjH»rtance.  The  range 
of  this  machine  is  from  30  lb.  to  3,000  lb.  It 
registers  the  breaking-point  with  accuracy. 
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9.  Steel  and  Iron  Testing  Machine. — For  test- 
ing tensile  strength  and  crushing  resistance  up 
to  180,000  lb.  It  will  tear  asunder,  or  will 
crush,  a  1-inch  square  bar  of  cast  steel ;  and  it 
acts  by  means  of  a  weight,  with  a  leverage  of 
400  to  1.  The  centres  are  of  hardened  cast 
steel,  most  accurately  ground  up.  The  sliding 
weight  is  shifted  by  a  screw  pitched  in  corre- 
spondence with  the  scale,  turned  by  a  division- 
wheel,  indicating  increments  of  10  lb.  of  pres- 
sure. The  breaking  weight  of  cast  or  hardened 
metals  may  be  tested,  also  the  torsional  strength 
of  bars  (fig.  H5). 


CHAPTER  XVII. 

MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  FOX 
BROTHERS,  DEBBY. 

The  machines  of  Messrs.  Fox  are  good  in 
workmanship,  and  are  old  in  design. 

1.  Screvycutting  Lathe. — This  is  a  small  self- 
acting  lathe,  9£-inch  centres,  for  screw-cutting, 
sliding,  and  surfacing.  The  headstocks  are 
strongly  stiffened  by  deep  ribs.  In  the  fixed 
hfjadstock  the  "  back  gear  "  is  placed  in  front  of 
the  cone-pulley,  for  which  there  is  not  any  ap- 
jHUtmt  reason.  The  guide-screw  is  placed  in 
front  of  the  lathe-bed  for  screw-cutting,  and  a 
rack  is  placed  at  the  back  for  sliding,  in  con- 
nection with  a  worm-shaft  moved  from  the 
headstock  by  a  pair  of  cone-pulleys.  The  shift- 
ing headstock  is  adjustable  laterally  on  its  own 
base,  out  of  line,  for  conical  turning. 

2.  Planing  Machine. — This  machine  planes 
objects  not  more  than  5  feet  G  inches  in  length, 
22  inches  wide,  and  20  inches  high.  The  "vee" 
slides  are  high-pitched  and  narrow,  the  ridges 
being  on  the  bed  and  the  hollows  on  the  table, — 
the  reverse  of  what  every  other  tool-maker  does  ; 
and  there  is  an  obvious  difficulty  in  keeping  the 
surfaces  lubricated  without  a  continuous  supply 
of  oil.  The  driving-gear,  for  which  bevil-gear  is 
employed,  is  provided  with  a  quick  return,  barely 
twice  as  fast  as  the  cutting  speed,  though  most 
other  makers  increase  the  return  to  thrco  times 
the  cutting  speed.  The  belt-pulleys  being  at  right- 
angles  to  the  bed  of  tho  machine,  the  bed  may 
be  ranged  in  line  with  the  shafting.  A  self- 
acting  connection  is  made  for  the  vertical  feed 
of  the  cutter,  through  a  ratchet-motion  attached 
to  the  upper  end  of  the  screw. 

3.  Vertical  Drilling  Macltine. — Tin;  frame  of 
thus  machine  is  a  hollow  casting  with  tin;  .sole-pink; 
cast  in  a  piece  with  it.  The  sole-plate  is  extended 
beliind  the  frame  to  carry  the  intermediate  shaft 
ami  pulleys.  The  driving  gear  has  a  five- speeded 
cone  with  hack  gear.  The  drill-spindle  slides  in 
and  revolves  with  a  tube  with  cylindrical  bear- 


ings and  cajw.  It  has  a  spindle-rack  vertical 
feed,  self-acting,  but  with  no  means  of  adjust- 
ment. The  table  is  circular,  bolted  at  tho  centre 
to  a  bracket  It  has  two  slide-motions,  verti- 
cally and  horizontally,  worked  by  hand.  The 
machine  is  designed  to  drill  holes  up  to  1^  inches 
diameter  and  8  inches  deep. 


LONDON  MACHINE-TOOLS. 
CHAPTER  XVIII. 

TOOLS  EXHIBITED  BY  MESSRS.  HOLTZAPFFEL 
AND  CO.,  LONDON. 

Messrs.  Holtzapftcl  cfc  Co.  have  been  long  and 
justly  famous  for  the  first-rate  quality  of  their 
workmanship  and  the  perfection  of  the  instru- 
ments of  their  manufacture.  They  exhibited 
an  interesting  collection  of  mixed  machinery, 
comprising  machine-tools,  edge-tools,  instru- 
ments, and  printing  apparatus. 

1.  Plain  Foot- LaUte.— This  lathe,  with  5-inch 
centres,  is  adapted  for  mathematical  and  other 
light  work,  with  division-plate,  screw-adjusting 
index,  and  set  of  chucks,  including  a  surface- 
chuck  tapi>ed  full  of  holes,  with  a  set  of  bolts  of 
various  lengths,  clamps,  lifting-blocks,  and  rec- 
tangular block  for  fixing  work  at  right-angles 
to  the  surface  of  the  chuck. 

A  very  useful  although  not  well-known  die- 
chuck  for  holding  pieces  from  |  lo  1  inch 
diameter,  has  a  double  V  slide  divided  in  halves 
longitudinally  ;  a  single  die  is  fitted  in  an  open- 
ing in  the  slide,  and  may  be  reversed  or  removed 
to  suit  the  size  of  the  work,  which  is  grasj»ed 
between  the  die  and  a  short  screw  tapped  into 
the  two  divided  ends  of  the  slide.  When  the 
screw  is  tightened  to  fix  the  work,  it  at  tho 
same  time  tends  to  se|Mirate  the  two  halves  of 
the  slide,  and  thereby  fixes  Inith  work  and  slido 
at  the  same  instant,  either  concentric  or  execn- 
tric,  as  may  be  wished.  When  required,  steam 
power  is  applied  to  these  light  lathes  by  fast 
and  loose  pulleys  on  the  crank  shaft ;  the  lathe 
is  driven  by  the  foot  for  delicate  purposes,  with 
no  other  preparation  than  slipping  the  hook  on 
the  crank. 

2.  Foot-Latlte,  with  Slide-Pent,— This  lathe  is 
very  similar  to  the  previous  one,  with  a  sliding 
rest  in  addition,  in  which  tho  main  screws  are 
covered  to  exclude  shavings  and  other  loose 
matters.  A  drilling  and  shaping  apftaratus  is 
mounted  upon  a  bracket,  damped  at  luiy  re- 
quired single  upon  the  slide-rest,  and  having  a 
vertical  slido,  the  faceplate  of  which  carries 
a  cutter-spindle  with  quick  or  slow-motion 
gearing,  thait  may  be  placed  either  vertical  or 
horizontal.  The  spindle  carries  either  drills  or 
circular  cutters  of  suitablo  forms  for  grooving, 
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facing,  shaping,  or  wheel  cutting.  The  com- 
bination of  the  vertical  slide  with  the  two 
horizontal  slides  of  the  rest,  the  choice  of  posi- 
tion of  the  bracket,  and  the  dividing  plate  of 
the  latho  head,  allow  of  the  drills  or  cutters 
being  presented  to  the  work  in  any  required 
direction,  and  by  tho  employment  of  cutters  of 
suitable  shapes,  enables  a  great  variety  of 
regular   and   irregular   forms   to  bo  readily 

produced. 

The  driving-gear  for  communicating  motion 
to  the  cutter-spindle  consists  of  a  frame  fixed  on 


the  back  board  of  the  lathe,  and  carrying  two 
shafts  with  driving  pulleys  keyed  to  slide  along 
the  shafts  ;  a  tension  pulley  with  adjustable 
weights,  and  a  pair  of  guide-pulleys  swivelled 
to  lead  the  band  in  any  required  direction. 

3.  Self-acting  Foot-LatJie.  —  This  lathe  ban 
6-inch  centres  ;  the  fixed  hcadstock  is  geared  in 
the  ordinary  manner,  and  fitted  with  dividing 
plate  and  index.  Tho  guide-screw  is  placed 
within  the  bearer,  and  the  clasp  nut  is  closed 
by  two  links  connected  to  a  short  curved  lever 
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beneath,  and  its  position  is  secured  by  a  detent, 
not  shown  in  the  figure.  The  saddle-plate  has 
grooves  for  the  reception  of  the  slide-rest,  and 
itself  slides  as  usual  upon  a  dovetail  fitting, 
which  does  not  extend  beyond  the  face  of  the 
bearer.  An  inverted  rack  is  attached  to  the  back 
face  of  the  bearer  with  the  driving-pinion  beneath. 
The  crankshaft  is  screwed  and  fitted  with  nuts, 
to  traverse  the  foot-wheel  to  the  required  ]Kwi- 
tions  for  the  different  speeds,  and  a  counter- 
poised treadle  is  connected  by  a  plain  hook  to  a 
single-throw  crank  (fig.  146). 

4.  Stide-LuUte  for  Avmtenrs.  —  This  lathe, 
with  6-inch  centres,  is  adapted  for  both  plain 


and  ornamental  turning,  and  has  the  slow- 
motion  gearing  fitted  within  the  mandril 
pulley.  This  is  a  very  comjmct  arrangement, 
although  somewhat  less  powerful  than  the  usual 
external  gearing.  The  general  construction  of 
this  lathe  is  similar  to  the  one  immediately 
previous  ;  and  for  ordinary  works  in  metal,  the 
same  sliding  rest  is  employed,  in  which  various 
cutting-frames  are  mounted ;  and  for  cutting 
very  coarse  spirals,  the  guide  screw  and  mandril 
aro  driven  from  the  saddle-plate  by  a  winch- 
handle,  tho  motion  being  communicated  by  a 
pair  of  lievil-wheels  sliding  along  a  gn Hived 
shaft  fixed  in  front  of  the  lathc-l>earcr.  The 
sliaft  carries  a  pinion  gearing  into  a  wheel  fixed 
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on  the  right-hand  extremity  of  the  guide-screw. 
These  coarse  spirals  for  ornamental  works  are 
generally  of  a  figured  section,  and  are  exit  with 
revolving  tools,  mounted  in  a  frame  that  admits 
of  the  cutter-spindlo  being  placed  at  any  re- 
quired angle.  The  cutters  are  driven  from  an 
overhead  motion,  susj>onded  from  standards 
attached  to  the  lathe-frame. 


5.  Screxo- Mandril  Foot-Lathe.  —  This  lathe 
has  5-inch  centres,  and  is  for  amateur  use,  with 
a  nest  of  drawers  lieneath  the  backboard  for  con- 
taining chucks  and  other  apparatus.  The  lathe- 
head  is  fitted  with  the  screw-mandril  motion  for 
cutting  short  screws,  in  which  the  mandril  slides 
endlong  through  its  collars  under  the  control  of 
a  short  guide-screw  lilting  on  the  back  project- 
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big  end  of  the  mandril.  A  series  of  half  nuts 
are  ait  around  the  edge  of  a  circular  plate  to 
match  the  different  guides,  and  they  are  thrown 
into  or  out  of  action  by  an  eccentric.  The 
screw-mandril  principle  is  very  generally  em- 
ployed by  the  Tunbridge  ware-turners  for  cutting 
short  screws  in  soft  woods,  and  it  is  also  used 
for  cutting  many  of  the  ordinary  iron  aud  brass 
screws  commonly  used  in  joinery  (fig.  147). 


6.  Scr etc- Mandril  Foot-Lathe  for  Ornamental 
Turning. — This  lathe  has  6-inch  centres,  and  is 
fitted  with  a  numerous  assortment  of  apparatus 
for  plain  and  ornamental  turning,  contained  in 
a  Bejwrate  cabinet.  This  includes  about  fifty 
chucks  for  fixing  works — oval,  excentric,  and 
dome  chucks  ;  with  a  variety  of  cutting-frames, 
fitted  into  a  receptacle  in  the  sliding  rest, 
including  drilling  instruments,   with  figured 
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drills  for  fluting  and  moulding,  vertical,  hori- 
zontal, universal,  internal,  eccentric,  and  ellip- 
tical cutting  frames,  carrying  revolving  cutters 
of  various  forms,  the  whole  uf  which  are  driven 
from  the  overhead  motion.  The  work  under 
operation  generally  remains  stationary,  while 
each  cut  is  being  made  with  the  revolving  took, 
under  the  guidance  of  the  slide  rest,  and  the 
position  of  the  work  or  cutter  is  shifted  after 
the  cut.  The  combination  of  the  motion  of  the 
works  and  cutters,  together  with  the  varied 
sluipes  of  the  cutters,  allow  of  the  production  of 
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a  great  variety  of  forms,  comprising  nearly  even- 
combination  of  the  straight  line,  circle,  and  ellipse. 

The  slide-rest  is  fitted  with  guides  for  turning 
curved  Hues,  stops  to  determine  the  traverse  of 
the  tool,  screw-cutting  apparatus,  with  change 
wheels,  applicable  to  spirals  up  to  about  7  inches 
rise,  either  on  cylindrical,  conical,  or  flat  surfaces. 
A  modification  of  this  apparatus  gives  a  recipro- 
cating motion  to  the  lathe  mandril,  producing 
waved  surfaces  on  the  work  under  o]>eration. 

Several  works  of  an  ornamental  character  in 
hard  wood  and  ivory  were  exhibited  in  illustra- 
tion of  the  performances  of  this  class  of  lathe 
apparatus,  and  a  few  figures  are  illustrated 
which  have  been  traced  by  some  of  the  ap- 
paratus. These  will  serve  tu  show  the  general 
character  of  the  details  employed  in  the  on  la- 
mentation of  the  plain  surfaces  of  the  various 
objects,  and  will  at  the  same  time  indicate,  in 


a  small  degree,  the  capabilities  of  some  of  the 
chucks  and  cutting-frames  ;  but  these  figures 
being  limited  to  mere  lines  traced  by  the  point 
of  a  tool,  are  necessarily  inadequate  to  represent 
the  more  elaborate  effects  produced  by  figured 
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tools,  more  oqxjeiaUy  when  employed  in  the 
formation  of  solid  objects  of  artistic  character, 
which  are  of  course  totally  unsuited  for  direct 
application  to  surface-printing. 

7.  77ie  Exeenlric  CiUting-Frame. — This  frame 
(fig.  1 4H)  has  a  square  stem  fitted  to  the  receptacle 
of  the  sliding  rest ;  the  spindle  jkasses  through 
the  stem,  and  carries  at  the  one  extremity  a 
pulley  for  the  band,  at  the  other  end  a  tool  slide 
with  micrometer  head  to  the  screw,  which  de- 
termines the  distance  of  the  cutter  from  the 
centre  of  the  instrument,  and  the  depth  of  the 
cut  is  regulated  by  the  sliding  rest.    Figs.  149 
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and  150  show  some  few  patterns  produced  by 
the  combination  of  the  excentric  cutting-frame 
with  the  movements  of  the  sliding  rest  and 
division  plate. 

8.  The  Elliptical  Cutting-Frame. — This  framo 
(fig.  151)  is  capable  of  producing  ellipses  of  all 
proportions,  from  a  right  line  to  a  circle,  by  the 
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combination  of  two  circular  movements  in  op- 
posite directions,  the  one  of  which  travels  at 
double  the  angular  velocity  of  the  other.  This 


is  effected  by  the  train  of  wheels  seen  on  the 
front  of  the  instrument,  which  is  so  arranged 
that  the  excentric  frame  carrying  the  tool  A 
makes  two  revolutions  to  the  right  while  the 
radial  flange  b  makes  one  revolution  to  the  left. 
The  proportions  of  the  ellipse  described  by  the 
tool  depend  upon  the  relative  degrees  of  eccen- 
tricity given  to  a  and  b  by  the  screws  c  and  D ; 
and  the  ellipses  may  be  arranged  in  any  required 
angular  position  by  the  worm-wheel  and  tangent- 
screw  e.  The  power  of  the  instrument  to  place 
the  ellipses  at  any  angle  is  illustrated  by  tig.  152. 
Some  modification  of  a  four-loo|>ed  epicycloidal 
figure,  produced  by  changing  the  proportions  of 
the  front  wheels,  is  illustrated  by  tig.  153.  The 
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border  consists  of  four-loojred  figures  intersecting 
each  other  ;  the  inner  circle  consists  of  six  figures, 
in  each  of  which  the  four-looped  figure  is  doubled, 
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to  make  a  figure  of  eight  loops,  by  placing  the  two 
figures  of  four  loops  intermediate  to  each  other, 
and  tho  central  figure  consists  of  twelve  ellipses 
intersecting  at  the  centre. 

Tho  excentric  chuck  is  frequently  employed  in 
conjunction  with  the  various  cutting-frames. 
One  combination  of  the  excentric  chuck  with 
the  excentric  cutting-frame  is  shown  in  the 
hexagonal  pattern  in  fig.  149,  and  another  in 


Pattiix  produced  by  IheKllipticsl  CuttiDg-r'nnie  with  the 
Exceotric  Chuck,  ic. 
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the  looped  pattern  of  fig.  1 54,  and  one  result  of 
the  combination  of  the  elliptical  cutting-frame 
with  the  excentric  chuck  is  shown  in  the  outer 
pattern  of  fig.  155,  the  inner  pattern  of  which 
results  from  a  modification  of  the  four-looped 
pattern  produced  by  the  elliptical  cutting-frame, 
when  the  eccentricities  of  a  and  b  are  in  the 
proportion  of  one  to  eight,  from  which  a  nearly 
square  figure  results,  as  seen  in  the  diagram. 

The  oval  chuck  and  spherical  chuck  are 
similarly  employed  in  conjunction  with  the 
various  cutting-frames,  in  order  to  place  the 
work  in  the  required  position  for  tho  operation 
of  the  cutting  tool,  to  which  the  required  motion 
is  given  by  the  cutting-frame,  the  work  remaining 
stationary  during  the  operation. 

9.  Rose  Cutting-Frame.—  This  frame  (fig.  156) 
produces  patterns,  on  surfaces,  exactly  similar  to 
those  made  by  the  rose-engine  with  vibrating 
headstock ;  but  the  rose  cutting-frame  is  applicable 
to  any  lathe,  and  may  be  employed  to  produce 
rose-engine  patterns  in  exactly  tho  same  manner 
as  the  excentric  and  elliptical  cutting-frames 
produce  the  circular  and  elliptical  patterns,  and 
they  may  be  combined  in  tho  same  general 
manner.  The  instrument  is  fixed  in  the  sliding 
rest,  and  motion  is  given  to  the  pulley  a,  mounted 
on  a  tangent  screw  that  drives  the  worm-wheel 
b,  fixed  on  the  end  of  the  spindle  which  passes 
through  the  square  stem,  and  carries  round  with  it 
the  slide  c  ujwn  which  it  is  clamped,  the  tool  d 
attached  to  the  back  of  the  slide  is  a  roller  k 
that  follows  the  form  of  a  shape-plate  F,  called 
a  rosette.  The  tool  therefore  produces  a  figure 
that  is  the  exact  counterpart  of  the  rosette, 
provided  the  tool  be  on  the  same  side  of  tho 
centre  of  motion  as  the  roller ;  but  if  the  tool  be 
traversed  by  the  slide  to  the  opposite  side  to  tho 
centre  of  motion,  the  figure  produced  becomes 
an  inverted  copy,  as  to  the  form  of  the  rosette ; 
and  these  direct  and  inverted  copies  are  subject 
to  various  other  modifications,  according  to  the 
adjustment  of  the  instrument. 

Two  modifications  of  the  same  rosette  are 
shown  in  fig.  157  and  in  fig.  158 — direct  and 
inverted  copies  of  five  rosettes.  Every  rosette 
admits  of  various  modifications,  and  each  of  these 
may  be  combined  in  various  arrangements,  as 
will  be  readily  understood  on  reference  to  the 
circular  and  elliptical  combinations  shown 
in  previous  figures. 

It  will  be  observed  that  the  preceding 
illustrations  of  ornamental  turning  have 
reference  exclusively  to  patterns  produced 
by  the  cutting-frames,  in  the  application 
ft        of  which  the  work  remains  stationary 
r*ft-^     while  motion  is  given  to  the  cutting  tool. 
Mil      The  same  results  might  have  been  illus- 
trated by  tho  converse  method  ofgiviug 
motion  to  the  work  while  the  tool  re- 
mained stationary ;  thus,  the  eccentric 
and  elliptic  patterns  may  also  be  produced 
by  various  combinations  of  the  excentric 
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and  oval  chocks,  the  choice  of  apparatus  being 
influenced  principally  by  questions  of  simplicity 
of  arrangement,  and  rapidity  of  execution.  This 
class  of  excentric  and  elliptical  patterns  may  also 
be  produced  by  Ibbetson's  geometric  chuck,  ex- 
hibited by  Holtzapflel  &  Co.,  and  which  is  capable 

Fio.  167. 


Bosrrr*  (two  modification!),  by  tbe  Bom  Culting-Framo. 


of  producing,  in  addition  to  those  illustrated,  a 
variety  of  other  curves  of  a  highly  ornamental 
character,  which  may  be  briefly  adverted  to. 

10.  Ibbeteon'a  Geometric  Chuck. — This  chuck 
consists  of  two  parta  The  first  part  alone 
gives  a  simple  epicycloidal  motion  ;  the  two  parts 
combined,  a  compound  epicycloidal  motion.  In 
the  first  part  the  work  is  fixed  on  a  wheel 
revolving  on  an  axis  within  a  slide,  mounted  on 
the  chuck  ;  motion  is  communicated  to  this  wheel 
by  a  train  of  wheels,  terminating  in  a  central 
wheel  at  the  back  of  the  chuck,  which  is  free  to 


revolve  upon  an  arbor,  but  when  in  action  is 
held  by  a  detent  mouuted  on  the  lathe-head. 
The  consequence  is  that  when  the  ccutral  wheel 
at  the  back  is  held  by  the  detent,  and  the  chuck 
is  put  in  revolution,  a  relative  motion  is  com- 
municated to  the  front  central  wheel  carrying 


Fig.  158. 


Fattixhs  produced  by  IbbcUou'a  Geometric  Chuck. 


the  work.  The  amount  of  this  relative  motion 
will  depend  upon  the  proportion  of  the  inter- 
mediate wheels  ;  thus,  supposing  the  train  of 
wheels  to  be  in  the  proportion  of  3  to  1,  a 
figure  of  three  loops  will  be  traced  upon  the 
work  by  a  tool  fixed  in  the  sliding  rest  If  the 
train  of  wheels  is  in  the  proportion  of  15  to  1,  a 
figure  of  fifteen  loops,  and  so  on  up  to  about 
250  loops.  These  loops  may  be  either  internal 
or  external,  and  of  any  proportion,  according  to 
the  amount  of  eccentricity  given  to  the  chucks. 

The  action  of  the  first  j>art  of  the  chuck  is 
illustrated  by  fig.  159.  The  outer  i»attern  consists 
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of  three  lines  of  thirty-two  loops  outwards  ;  the 
second  pattern  consist*  of  four  lines  of  four  loops 
each  inwards,  the  third  pattern  has  throe  lines 
of  four  loops  outwards,  and  the  star-like  pattern 
in  the  centre  is  composed  of  a  series  of  ten 
ellipses,  of  which  the  transverse  diameters  are 
so  small  as  to  cause  the  ellipses  to  appear  as  nearly 
straight  lines. 

The  second  part  of  the  chuck  has  very  similar 
powers  to  the  first,  from  which  its  motion  is 
derived,  and  the  result  is  that  a  series  of  loops 
may  be  placed  upon  each  of  the  primary  loops 
given  by  the  first  part ;  and  the  numbers  and 
proportions  of  both  may  be  varied  at  pleasure, 
producing  practically  an  inexhaustible  variety 
of  epicycloidal  lines.  The  combined  action  of 
the  first  and  second  parts  of  the  chuck  is  illus- 
trated by  fig.  1  CO.  The  outer  pattern  consists  of 
a  figure  of  192  loops  inward  upon  a  primary 
curve  of  eight  loops  inwards.  The  second 
pattern  has  128  loops  outwards  upon  a  curve  of 
eight  loops  outwards  ;  the  third  pattern  sixty- 
four  loops  inwards  upon  four  loops  inwards,  and 
the  small  central  pattern  consists  of  six  loops 
outwards,  intersecting  in  the  centre.  All  of 
the  {tatterns  consist  of  a  single  line,  and  the 
mandril  of  the  lathe  revolves  once  for  every 
loop.  Thus,  in  the  outer  line  the  jiattcrn  was 
completed  when  the  mandril  had  made  128 
revolutions,  and  the  central  pattern  whs  com- 
pleted by  six  revolutions. 

11.  Circular  Saw. — Driven  by  a  foot- wheel, 
has  tho  platform  hinged  at  the  l>ack  to  a  casting 
that  receives  also  the  centre  screws  for  the  saw- 
spindle,  and  an  elevating  screw  in  front  that 
determines  the  projection  of  the  saw,  with 
parallel  guide  in  form  of  an  L  square,  and  a 
protractor  sliding  in  a  groove  for  cutting 
angular  pieces. 

Fio.  161. 


12.  Lapidary  Apparatus. — This  apparatus  is 
driven  by  a  treadle  instead  of  a  winch-handle 


as  usual,  and  has  the  grinding  wheels  mounted 
much  in  the  ordinary  manner  on  a  vertical 
spindle.  In  slicing  the  stone,  it  is  cemented  in 
a  shallow  cup  supported  in  a  ball  and  socket 
joint  upon  a  swing  arm  that  may  be  fixed  at 
any  height  relatively  to  the  slicer,  the  thin  end 
of  which  is  charged  with  diamond  jx>wder,  and 
the  stone  is  pressed  against  the  slicer  by  an 
adjustable  weight,  as  shown  in  fig.  161,  which 
represents  the  upper  part  of  this  apparatus  as 
arranged  for  slicing.  In  cutting  facets,  the  stone 
is  cemented  in  a  cup  mounted  on  a  goniostat 
with  graduated  arcs,  by  which  the  stone  may 
be  placed  in  the  required  vertical  and  horizontal 
angles.  This  instrument  has  also  a  divided 
circle  for  arranging  the  number  of  facets  re- 
quired around  the  stone.  The  two  feet  of  the 
goniostat  rest  on  a  platform,  and  the  stone  rests 
upon  the  cutting  wheel ;  the  three  points  of 
bearing  give  a  steady  position  to  the  whole, 
exactly  as  in  the  drop  used  in  diamond  cutting, 
the  two  processes  being  analogous. 

13.  Portable  Smith's  Press-l>rilL— This  tool, 
with  a  vice-stand,  is  arranged  on  a  tripod  with  a 
standard  fitted  with  rack  and  slide,  upon  which 
is  mounted  a  crosshead,  with  slide  and  pressure- 
screw  at  the  end  Tho  standard  may  be  fixed 
in  any  angular  position,  and  the  work  may  be 
drilled  either  in  the  vice  on  the  surface  of  the 
tripod  or  on  tho  floor.  This  press-drill  is  ap- 
plicable to  most  works  below  four  feet  square. 

14,  Measuring  Instruments.  —  Comprising 
straight  edges,  squares  of  various  forms,  Devils, 
callipers  plain  and  proportional,  with  fixed  and 
sliding  centres ;  external  and  internal  sector 
gauges,  marking,  sliding,  and  other  gauges,  with 
verniers  to  read  tip  to  one-thousandth  of  an  inch. 

13.  Mathematical  In- 
struments.— Drawing  and 
other  mathematical  instru- 
ments, including  in  addi- 
tion those  of  ordinary  con- 
struction, Clement's  in- 
strument for  describing 
ellipses,  in  which  the  pen 
is  placed  below  the  tram- 
mel movement,  to  extend 
its  range  down  to  very 
small  ellipses.  The  tram- 
mel has  screw  adjustments, 
and  is  mounted  u|xm  a 
hinged  frame,  sliding  on 
a  bar  with  scale  and  ver- 
nier, and  the  frame  is 
mounted  upon  a  circular 
graduated  plate,  which  is 
moved  by  a  pinion.  By 
this  arrangement,  ellipses 
of  all  proportions,  from 
the  right  line  to  the  circle,  may  be  delineated  at 
any  required  angle  to  each  other,  and  either  con- 
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centric  or  excentric  without  moving  the  position 
of  the  instrument  upon  the  paper.    A  dividing 
plate  Ls  also  attached  when  it  is  desired  to  limit 
its  action  to  definite  portions  of  the  ellipse. 
A  less  elaborate  instrument  for  describing  the 


semi-ellipse  is  made  as  a  half  trammel,  to  per- 
mit of  its  application  to  very  small  ellipses. 

1 6.  Curve*  and  Scales. — Curves  of  circular  arcs 
in  cardboard  for  drawing  railway,  bridge,  and 


other  curves  of  large  or  small  radii ;  these  are  separate  slips  eighteen  inches  long,  of  the  usual 
cut  by  a  machine  to  any  required  radius.  subdivisions  of  English  and  foreign  measures. 

Engine-divided  scales  ruled  on  cardboard  in    Cardboard  is  selected  as  the  material  for  these 
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curves  and  scales,  from  its  economy,  flexibility, 
and  identity  of  contraction  and  expansion  with 
drawing  paper. 

17.  Printing  Presses. —  Printing-presses  for 
amateur  use,  on  the  principle  introduced  by  the 
late  Professor  Cowper,  in  which  the  platten  and 
the  tympan  are  combined  in  the  same  piece,  hinged 
at  one  end,  and  the  pressure  is  applied  at  the 
opposite  extremity  by  a  modification  of  the  knee 
or  toggle  joint.  Simplicity  and  economy  of  con- 
struction are  the  recommendations  of  this  prin- 
ciple, but  its  advantages  are  limited  to  sizes  not 
exceeding  broadside  foolscap. 

18.  Miscellaneous. — Among  other  miscella- 
neous tools  were  exhibited  mineralogical  ham- 
mers of  various  forms,  cutter-bars  with  detached 
blades  for  turning  aud  planing,  hund-planes  for 
thin  sheet-metal,  screw-wrenches,  and  other  hand- 
tools. 


CHAPTER  XIX. 

MACHINE-TOOLS   EXHIBITED    BY  MESSRS. 
A.  SHANKS  AND  CO.,  LONDON. 

Messrs.  Shanks  «fc  Co.  exhibited  a  number  of 
tools,  which  were  remarkable  for  their  origi- 
nality, simplicity,  and  efficiency,  combining 
cheapness  with  good  and  rapid  performance. 

1.  Duplex  Mortising  and  Grooving  Drilling 
Machine. — This  is  a  double-acting  slot-drilling 
machine  in  which  the  principal  novelty  consists 
in  the  employment  of  two  drills  working  simul- 
taneously. Tho  drills  enter  the  work  horizon- 
tally from  two  opposite  sides,  and  approach  each 
other  until  they  meet  in  the  middle  of  the  work. 
The  drill-spindles  are  driven  direct  by  cone-pul- 
leys, and  the  headstocks  carrying  these  pulleys 
slide  transversely  on  a  carriage  which  is  traversed 
on  a  horizontal  bed.  The  traversing  motion  is 
derived  from  a  stud  in  a  revolving  disc,  and  is 
equalized  by  means  of  a  pair  of  elliptical  spur 
wheels.  The  feed-motion  is  obtained  at  each 
end  of  the  traverse  by  causing  tho  two  head- 
stocks  and  drills  to  approach  each  other  by 
means  of  a  right  and  left  hand  screw  worked  by 
a  ratchet-wheel.  The  drills  are  prevented  from 
touching  each  other  by  means  of  a  stop-nut,  to 
stop  tho  feed  at  the  right  point  One  drill  being 
then  withdrawn,  the  slot  is  finished  by  the  other 
(fig.  162,  page  191). 

To  cut  mortises  with  one  end  bevillcd  to  suit 
the  taper  of  the  keys,  an  oscillating  table  with  a 
combined  slot  movement  is  used. 

As  the  two  cutters  work  in  opposition  to  each 
other,  they  hold  the  work  steadily  between  them, 
and  as  they  each  penetrate  to  but  half  the  depth 
of  the  slot  they  are  made  shorter  and  stifler 
than  single-acting  drills  can  be  made,  which  cut 


the  whole  depth.  The  advantage  of  tho  addi- 
tional stiffness  so  acquired  by  the  drills  is  appa- 
rent in  their  accurate  and  finished  execution, 
which  is  completed  at  one  operation,  without  tho 
aid  of  a  rosebit. 

2.  Frictions-gear  Drilling  Machine. — This  is 
a  neat  and  convenient  machine,  carrying  four 
spindles,  with  drills  of  different  sizes,  in  a  re- 
volving frame.  They  are  driven  by  Robert- 
son's friction-gear  from  a  central  friction-wheel 
on  the  main  spindle,  which  is  upright.  The 
frame  turns  on  a  l>earing  slightly  eccentric  to 
the  main  spindle,  so  that  each  drill  is  brought 
into  gear  when  over  the  table,  and  disengaged 
or  placed  out  of  contact  when  turned  aside. 
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The  friction-pinionB  on  the  respective  drill- 
spindles  are  pro|iortional  to  the  sizes  of  the 
drills,  to  give  each  drill  its  proper  sjieed.  This 
system  of  friction-driving  is  Biiited  for  high  velo- 
cities and  little  resistance  (fig.  1C3). 

3.  Multifile  Drilling  Machine. — This  machine, 
of  which  a  model  was  exhibited,  is  designed  for 
drilling  at  one  operation  the  tube-plates  of  loco- 
motive boilers,  or  other  work  where  a  number  of 
holes  of  the  same  diameter  are  to  be  drilled. 
The  drills  arc  turned  by  means  of  a  crunk  on  the 
upper  end  of  each,  connected  to  a  plate  which 


Google 

■4 


MACHINE-TOOLS  EXHIBITED  BY  MESSRS.  A.  SHANKS  &  CO. 


193 


is  driven  by  the  main  spindle.  On  this  system 
of  simultaneous  drilling,  holes  of  very  close  pitch 
may  be  drilled  (tig.  1G4). 

Fio.  16k 


in  tho  circle  : — the  exhibitors  maintain  that  it 
is  impossible  to  cut  a  true  screw  with  three 
cutting  points.  The  bolt  is  fixed  to  a  revolving 
holder,  and  the  dies  are  carried 
by  a  hollow  shaft  which  allows 
the  bolt  to  pass  freely  away 
through  tho  dies.  A  constant 
current  of  oil,  or  soap  and  water, 
is  delivered  ujxm  the  dies  whilo 
in  action.  Forty  bolts  of  two 
inches  in  diameter  may,  it  is 
stated,  be  screwed  by  this  ma- 
chine in  an  hour  (fig.  1G5,  page 
194). 

Taps  were  exhibited  by  Messrs. 
Shanks  Az  Co.  formed  with  a  plain 
cylindrical  end,  to  enter  the  nut 
and  guide  the  cutting  threads. 
The  threads  arc  reduced  on  a 
much  quicker  taper  than  is  usual 
in  taps  in  onler  to  make  fewer 
cutting  points,  to  take  more  de- 
cisive cuts,  than  with  the  longer 
taper. 


CHAPTER  XX. 


SUNDRY  MACHINE-TOOLS. 


Mi  title  DbilliHc  M.ICH1XL  (with  0X01111110  of  work},  by  Mcun,  A.  Shoal*  A'  Co. 

■4.  Holt-Screwing  Machine. — The  princqwd 
feature  of  this  machine,  as  in  that  of  Mr.  Sellers, 
is  the  form  of  the  dies,  which  are  widened  at 
the  entrance  for  the  bolt,  so  as  to  cut  away  super- 
fluous metal  and  to  start  and  complete  the  thread  at 
one  cut, — originally  the  invention  of  Mr.  Shanks. 
The  action  is  the  converse  of  that  of  the  tap ;  in 
each  case  the  summit  of  the  thread  is  formed 
aud  the  pitch  defined  without  further  interfe- 
rence or  alteration  whilst  the  thread  is  Wing 
cut,  ensuring  an  easily-formed  and  perfect 
thread.  Tho  dies  are  screwed  close  together 
at  the  commencement  of  the  operation,  and, 
finishing  the  whole  thread  at  one  cut,  they 
are  parted,  and  the  bolt  is  directly  withdrawn 
without  any  reverse  motion  through  the  dies. 
The  conical  dies  are  made  in  two  halves,  with  a 
flute  in  each  half,  to  afibrd  four  cutting  points 


Messrs.  J.  <fe  J.  Kershaw, 
Manchester,  exhibited  a  douUe 
shul-lathe,  of  5-inch  centres,  with 
1 0  inches  traverse,  with  a  central 
fixed  headstock  and  two  shifting 
heads tocks.  The  fixed  headstock 
in  the  middle  carries  a  twosjieed 
cone-pulley  on  each  face,  with 
fixed  centres.  The  slide-rests  are 
traversed  by  screws  on  vertical 
slides  on  the  front  of  the  IkxI, 
for  which  the  feed  is  obtained 
from  vertical  slotted  cams  in  tho 
backs  of  the  cone-pulleys.  One 
boy  can  work  both  lathes  with  facility.  Second, 
a  universal  gJutjnng  machine,  of  \  inches  stroke 
and  30  inches  traverse,  with  single-sjieed  fast 
and  loose  pulleys,  and  a  flywheel  and  handle,  to 
bo  worked  by  hand.    The  table  has  no  vertical 
adjustment,  but  slides  horizontally  on  the  front 
of  the  bed,  for  which  the  feed  is  obtained  by  an 
excentric  on  the  shaft  and  ratchet-motion  on  the 
traversing  screw.     The  cutter-box  is  movable 
vertically  by  a  screw  and  hand-wheel.  The 
table  carries  two  vices,  with  movable  jaws,  and 
with  horizontal  and  vertical  faces  respectively. 
The   side-faced   vice   is  very  convenient  for 
shaping  tho  ends  of  long  articles,  as  of  levers, 
connecting-rods,  keys  ;  and  eflccts  a  considerable 
saving  in  files.    The  belt-fork  is  near  to  the 
workman,  and  is  readily  shifted  by  hand. 

Messrs.  Kendall  &  Cent,  Manchester,  ex- 
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hibited  two  tube-culling  iiuurhinr*.  The  tube  I  screws;  and  the  cutter  revolves  about  the  tube, 
to  be  ait  is  held  in  a  vice  with  angular  jaws,  j  and  cuts  it  through  from  the  outside.  The 
brought  up  centrally  with  right  and  left  hand  I  cutter  is  fixed  iu  a  block,  revolving  with  a 
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circular  hollow  casting,  driven  by  bevel- 
gear  from  the  driving  pulley-shaft  ;  and 
as  the  tube  may  l>e  passed  into  or  through 
the  hollow,  any  required  length  may  be 
cut  off.  A  self-acting  feet!  for  tin*  cutter 
is  obtained  from  a  ratchet-wheel  on  the 
end  of  the  feed-screw,  which  is  struck 
by  a  catch,  and  moved  each  revolution. 
The  machine  will  cut  400  lengths  jkt 
minute  of  strong  2-inch  iron  tulie,  and 
2U0  lengths  of  4-inch  tul»c.  Locomotive 
flue-tubes  are  cut  with  great  celerity  and 
accuracy  (tig.  lfifl). 

Messrs.  Francis  Preston  <fc  Co.,  Man- 
chester (now  the  Patent  File  Machine 
and  File  Manufacturing  Company),  cx- 
lubited  a  j»ir  of  jile-cutting  machine*, 
in  which  a  slight  reciprocating  motion 
laterally  is  communicated  to  the  cutter 
or  chisel,  or  to  the  tile-bed,  to  produce 
a  slight  irregularity  in  the  teeth  of  the 
tile,  to  resemble  hand-made  tiles.  The 
chisel  and  the  hammer  are  aimed  in  a  double 
Bwivel-frame,  for  varying  the  angle  of  the  cut, 


Fie.  ice. 
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or  for  cross  cuts.  The  force  of  the  blow  is  in- 
creased by  the  action  of  a  helical  spring  coiled 
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upon  the  shank  of  the  hammer,  and  is  regulated 
by  suitably  compressing  or  wedging  the  spring. 
The  degrees  of  coarseness  and  fineness  of  the 
teeth  are  obtained  by  means  of  ratchet-wheels. 
These  machines  are  specially  adapted  for  making 
files  of  10  inches  in  length,  and  upwards,  suitable 
for  engineers'  use.  The  files  are  also  forged  by 
machinery. 

Mr.  J.  Glasgow,  Manchester,  exhibited  a 
screwing  machine,  for  $-inch  to  2-inch  bolts. 
The  bolt  is  held  by  a  chuck  on  the  spindle,  and 
revolves ;  the  dies  are  set  by  means  of  an  index- 
wheel,  and  are  stationary  in  a  frame,  which  is 
traversed  on  two  slide-rods.  The  spindle  is 
hollow,  and  is  driven  from  a  four-speed  cone, 
with  intermediate  gearing.  It  has  a  reversing 
motion  of  three  mitre  wheels  and  double  clutch. 
This  machine  is  heavy  to  work,  there  is  no  appli- 
anco  for  shifting  the  die-frame,  and  there  are  no 
fewer  than  seven  toothed  wheels  for  driving  it 

Messrs.  William  Gadd  &  Son, 
Nottingham,  exhibited  a  screw- 
ing mac/iine  of  equal  merit  with 
tho  one  just  described.  The 
spindle  is  telescopic,  in  two 
sections,  of  which  the  inner 
spindle  is  fitted  at  one  end  to 
receive  the  chuck  for  holding 
the  bolt  to  be  screwed  ;  and  the 
other  end  receives  and  retains 
a  guide-screw  of  the  required 
pitch  of  the  bolt  to  be  screwed, 
and  working  through  a  nut 
carried  in  a  bracket  fixed  to  the 
headstock.  Tbe  driving-gear  is 
fixed  upon  the  hollow  or  outer 
portion  of  the  spindle,  and  con- 
sists of  a  pair  of  single  friction- 
cone  pulleys,  driven  by  belts 
in  contrary  directions,  between 
which  a  double  cone  is  moved 
by  clutch  action,  into  gear  with 
the  one  or  the  other  for  a  for- 
ward or  a  return  motion.  Thus 
the  guide-screw  prevents  false 
starts  or  the  cutting  of  bad  threads.  The  dies 
are  adjustable  vertically  in  a  frame,  and  are 
not  fixed,  but  loaded  with  a  weighted  lever 
to  give  a  uniform  cutting  pressure.  A  stop 
or  gag  is  placed  between  the  dies  to  fix  the 
gauge  and  define  the  size  of  the  screw.  Bolts 
are  usually  run  through  three  times  to  complete 
the  screw. 

Messrs.  G.  <fc  A.  Harvey,  Glasgow,  exhibited 
a  selection  of  plain,  solid,  and  substantial  tools. 
They  showed  an  \\-inch  lathe,  with  conical 
lHjarings  for  the  cone-spindle;  second,  a  shajring 
machine,  with  four  spur-wheels,  to  connect  tho 
motion  for  driving  tho  ram,  which  are  too 
many.  The  ram  is  driven  with  a  connection  at 
one  side  ;  for  the  feed-motions,  eight  spur-wheels 
are  employed.  Third,  a  jtlaniny  machine,  with 
a  table  8  feet  long,  driven  by  a  doublo  or 


broad,  with  teeth  of  1^-inch  pitch.  Fourth,  a 
radial  driU,  of  ordinary  construction. 

Messrs.  D.  Cook  <fc  Co.,  Glasgow,  exhibited  a 
steam  riveting  machine.  The  heading  die  acts  hori- 
zontally, and  is  moved  by  an  excentric  on  a  rock- 
ing shaft,  which  is  acted  on  by  b team-pressure  on 
a  trunk  or  plunger  in  a  single-acting  cylinder, 
connected  to  the  end  of  a  lever  on  the  shaft. 
The  cylinder  is  vertical,  and  let  into  the  floor 
out  of  the  way.  Steam  is  admitted  to  the 
under-side  of  the  piston,  and  the  valve  is 
worked  by  hand,  and  timed  to  suit  the  work,  in 
order  that  no  time  should  be  lost,  nor  work 
spoiled  by  missing  stroke.  The  momentum  of 
tho  moving  masses  assists  in  riveting.  The 
machino  can  close  at  an  average  rate  ton  to 
twelve  rivets  per  minute  in  plain  work.  The 
most  rapid  performance  gavo  twenty  rivets  ]>er 
minute,  every  preparation  having  been  made. 
The  machine  can  actually  bo  worked  at  sixty 
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strokes  per  minute.  Tho  plunger  is  7  inches  in 
dianictcr,  and,  with  a  2G-inch  lever,  f -inch  rivet- 
ing can  bo  done  with  25  lb.  steam.  With  a 
stroke  of  2  feet  the  riveting  die  traverses  a  space 
of  3|  inches.  The  machine  is  capable  of  closing 
1  j-inch  rivets  (fig.  1C7). 

Messrs.  Cook  &.  Co.  also  exhibited  drawings  of 
punching  ami  shearing  machines,  constructed  on 
the  same  principle  of  action,  combining  tho 
three  functions  of  punching,  shearing,  and  rivet- 
ing in  one  machine.  The  usual  size  of  the 
cylinder  is  15  inches  diameter,  30  inches  stroke, 
with  a  2-fect  lever,  having  3g  inches  motion  of 
the  die  for  riveting,  and  If  inches  motion  for 
punching  and  shearing.  With  1 8-inch  cylinders, 
and  steam  of  40  lb.  per  inch,  l^inch  holes  are 
easily  punched  through  l{-inch  plates. 


Messrs.  Crawhall  <fc  Campbell,  Glasgow,  ex- 
stepped  rack  of  unusually  large  size — G£  inches  [  hibited  a  horizontal  boring  machine  for  boring 

o  2 


Digitized  by  Google 


196 


MACHINE-TOOLS,  ETC.,  FOR  WORKING  IN  IRON. 


cylinders  up  to  4  feet  in  diameter,  and 
5£  feet  long.  The  sole-plate  is  15  feet  long, — 
the  whole  length  of  the  machine.  At  one  end, 
the  principal  frame  is  erected,  consisting  of  two 
standards  and  a  lintel,  like  those  of  a  planing 
machine;  on  the  face  of  the  standards,  the 
boring- bar  carriage  may  be  adjusted  to  the 
proper  height  by  means  of  a  j»ir  of  screws 
worked  within  the  standards,  by  hand  or  power, 
the  face  of  the  frame  being  graduated  to  show 
the  elevation  of  the  bar.  Tho  driving-gear  is 
carried  on  tho  top  : — from  a  five-speed  cone,  with 
back  gear,  the  power  is  transmitted  by  on  up- 
right shaft  to  a  horizontal  sliaft  on  the  back  of 
the  boring-bar  carriage,  from  which  it  is  trans- 
mitted by  spur-wheels  to  the  boring-bar.  The 
boring  bar  is,  in  fact,  encased  by  and  Blides 
within  a  hollow  spindle,  which  has  its  bearings 
on  the  carriage,  and  receives  the  jx)wer  by  the 
spur-wheels.  Two  feathers  on  the  bar  slide  in 
grooves  in  the  sheath,  and  so  the  bar  turns  with 
the  sheath.  An  extra  bar,  of  suitable  length, 
for  carrying  the  cutters,  is  cottcred  to  the  socket- 
bar,  the  other  end  being  carried  in  a  bearing  on 
the  sole-plate.  The  feed  is  given  by  means  of  a 
differential-motion  from  the  sheath,  and  a  screw 
bearing  on  the  end  of  the  bar.  The  toothed 
gearing  of  this  machine  is  not  in  projwrtion  : — 
the  fast  and  slow  gearing  for  driving  is  all  of 
one  pitch  and  width  of  teeth  ;  tho  spurs  which 
turn  the  spindle  sheath,  iteelf  6  inches  in 
diameter,  are  only  13  inches  in  diameter,  with 
teeth  only  3}  inches  broad,  and  only  lj-inch 
pitch. 

Messrs.  J.  Hunt  <fc  Co.,  Bow,  exhibited  a 
bevil-wheel  cutting  machine,  simple  in  design 
and  construction,  and  perfectly  efficient  for  the 
purpose.  It  is,  essentially,  a  shaping  machine, 
with  a  reciprocating  cutter.  The  block-wheel  to 
be  cut  is  presented  to  it  in  front,  fixed  on  a 
spindle  at  the  proper  inclination,  with  a  dividing 
disc  on  the  upj>cr  end  for  pitching  the  teeth.  The 
spindle  is  carried  in  swivel  bearings,  and  has 
two  motions,  one  for  pitching  the  teeth  to  be 
<  ut.  by  turning  on  its  own  axis ;  the  other  for 
setting  it  to  the  proper  inclination  of  the  teeth 
to  be  cut.  By  means  of  holes  in  the  dividing 
disc,  and  an  adjustable  pointer,  the  pitching  is 
accurately  performed  ;  and  the  vertical  feed  for 
cutting  to  the  bottom  of  the  spaces  and  forming 
the  teeth  is  obtained  by  a  cam  and  ratchet 
motion  from  the  driving-shaft,  which,  by  means 
of  a  worm  and  segment  on  the  horizontal  swivel 
bearing,  raises  the  block -wheel  to  the  cutter. 
The  cutting  of  the  tooth  to  the  proper  form  is 
done  by  the  aid  of  a  template  which  acts  on  a 
straight  edge  in  a  line  with  the  cutter.  The 
vertical-feed  movement  is  thrown  out  of  gear, 
when  the  bottom  of  tho  tooth  is  reached,  by 
means  of  a  spring  detent.  Tho  cutter  shapes 
only  one  side  of  the  tooth  at  a  time ;  and  after 
having  travelled  round  the  circumference  of  the 
wheel,  forming  one  side  of  each  tooth,  it  is  re- 
placed by  another  cutter  to  complete  the  remain- 


ing sides  of  the  teeth.  It  is  stated  that  the 
machine  is  capable  of  pitching  and  trimming  as 
many  wheels  in  one  day  as  can  be  done  by  a 
good  workman  in  a  week. 

Mr.  Wm.  Ryder,  Bolton,  exhibited  a  forging 
machine,  to  forge,  draw,  or  swage  small  articles  in 
iron  or  steel,  up  to  2  inches  diameter,  or  2  inches 
square, — rollers,  for  example,  spindles,  bolt**, 
studs,  files,  shaft  ends.  The  machine  contains 
four  pairs  of  dies  in  a  row,  successively  for  cutting, 
for  square  forging,  for  round  forging,  and  for 
flat  forging  or  forging  shoulders.  The  lower  dies 
or  anvils  have  a  slight  elastic  bearing,  and  are 
adjusted  by  screws  to  the  required  elevation. 
The  upper  dies  are  fixed  in  the  ends  of  four 
plungers,  |  >  iuches  diameter,  carried  in  two  slides, 
and  they  derive  their  motion  from  excen tries 
on  a  shaft  above,  each  excentric  being  between 
two  bearings.  The  cxccntrics  work  "pushers" 
down  upon  the  plungers  with  ball-and-socket 
contact;  and  the  plungers  are  raised  by  springs 
which  retain  them  in  contact  with  tho  pushers. 
The  plungers  make  a  stroke  of  half  an  inch, 
and  make  750  strokes  per  minute.  The  ma- 
chine is  very  efficient,  and  is  very  much  used 
in  forging  the  top  rollers,  flyers,  and  other 
light  part*  of  Bpinning  machinery.  It  is  un- 
suited  for  object*  more  than  2  inches  thick  ;  if 
larger  they  are  likely  to  be  spongy.  Second,  a 
fluting  machine,  for  fluting  rollers  with  parallel 
or  diagonal  flutes,  for  cotton  or  other  machinery. 
In  this  machine,  ten  rollers  may  be  fluted  at 
once,  for  which  ten  cutters  are  placed  in  a  row 
on  a  stationary  frame.  The  work  is  traversed 
under  the  cutters  by  the  application  of  a  worm- 
wheel  and  slotted-link  motion,  applied  as  in  a 
shaping  machine,  with  a  quick  return.  Weild's 
appliance  for  cutting  a  wavy  or  serpentine 
groove  on  the  surface  of  the  roller  is  fitted  to 
the  machine,  having  a  wavy  template,  from 
which  a  reciprocating  motion  is  transmitted  to 
the  cutter-frame  at  right-angles  to  the  rollers 
passing  under  the  cutters.  The  pitch  or  sepa- 
ration of  the  cutters  is  adjustable.  A  self-acting 
ratchet-feed  motion  is  applied  to  turn  each  of 
the  rollers. 

A  fluting  machine  has  recently  been  invented 
by  Mr.  Weild.  It  operates  by  indenting  or 
compressing  the  surface  of  the  roller  into  flutes 
by  means  of  dies. 

Messrs.  Richard  Roberts  <fc  Co.,  London,  ex- 
hibited drawings  of  the  multifarious  or  Jacquard 
punching  machine,  invented  by  Mr.  Richard 
Roberts,  and  used  by  Messrs.  Peto  &  Co.,  at  the 
Canada  Works,  Birkenhead,  designed  chiefly 
to  facilitate  and  economize  the  construction  of 
wrought-iron  bridge-work.  The  plates,  espe- 
cially those  in  the  top  and  bottom  flanges  of 
such  structures,  are  pierced  with  numerous 
rivet-holes  at  a  regular  pitch  ;  but  there  are 
also  interspej"sed  holes  for  securing  T  iron  and 
angle  iron,  transverse  roadway  girders,  &c.  The 
object  of  the  manufacturer  is  to  arrange  the 
plates  so  that  tho  scries  may  consist  of  a  repetition 
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of  one  punched  pattern  as  much  as  possible,  and 
in  that  case  one  or  two  "templates  "  will  suffice 
for  marking  off  tho  place  of  the  rivet-holes  in 
each  plate.  Tho  construction  of  these  templates, 
however,  and  the  subsequent  marking  and  hand- 
ling of  each  plate,  adds  considerably  to  the  ex- 
pense, and  various  efforts  have  been  made  to 
abbreviate  these  operations.  Among  the  mast 
conspicuous  is  the  Jacquard  machine,  in  which 
the  pattern  of  plate  is  arranged  on  a  number 
of  Jacquard  cards,  which,  combined  with  suit- 
able mechanism,  throw  a  certain  number  of 
transverse  punches  out,  and  bring  others  into 
gear  at  each  stroke  of  the  machine.  The  plate 
is  advanced  the  proper  distance  by  self-acting 
machinery  before  each  stroke  of  the  punches, 
und  in  this  way  tho  pattern  is  reproduced  in 
each  plate  with  great  quickness  and  precision. 
This  Jacquard  machine  was  successfully  used 
in  the  construction  of  the  Conway  bridge, 
the  Boyne  viaduct,  the  Victoria  bridge  at 
Montreal,  and  subsequently  for  preparing  the 
plates  in  many  other  large  bridges.  As  there 
are  necessarily  a  good  many  parts  in  this  ma- 
chine requiring  adjustment*  Messrs.  Peto  & 
Co.  state  that  they  do  not  use  it  unless  they 
liavo  a  bridge  of  several  hundred  tons  weight 
in  hand ;  but  it  has  stood  the  test  of  twelve 
years'  work,  and  remains  in  good  condition. 

Messrs.  Peto,  Brassey,  &  Bctts,  Birkenhead, 
exhibited  models  of  machines  for  manifold  dril- 
ling and  multifarious  punching,  designed  with 
the  object  of  su(>erseding  the  Jacquard  punch, 
but  only  as  yet  constructed  in  model : — 

"  1.  MuUifarious  Punching  MacJiine. — This 
machine  is  considered  by  the  exhibitors  to  \te 
a  decided  improvement  It  is,  as  compared 
with  the  Jacquard,  so  simple  that  it  can  be 
managed  by  an  ordinary  machine-man  ;  whereas 
the  Jacquard  requires  tho  constant  attention 
of  an  experienced  mechanic.  It  has  been  noted 
tliat  in  each  series  of  punched  plates  the  same 
punches  are  frequently  employed  time  after  time 
at  each  stroke  ;  and  that  there  is,  in  fact,  no 
necessity  for  the  endless  number  of  variations 
which  can  be  afforded  by  the  adoption  of 
the  Jacquard  principle.  Accordingly  the  new 
machine  is  made  to  give  twelve  variations  in 
transverse  punching  on  each  plate  operated 
upon ;  and  the  exhibitors  believe  that  tliis 
will  be  found  wnply  sufficient  in  practice.  The 
main  features  of  the  contrivanco  are  two 
rotating  drums,  which  revolve  one-twelfth  j>art 
of  a  complete  revolution  between  every  two 
strokes.  The  dies  are  fastened  on  the  lower 
drum,  which  is  hollow,  for  the  reception  and 
removal  of  the  pieces  punched  out,  and  the 
Steel  punches  on  tho  upper  drum.  When 
the  transverse  holes  have  to  be  repeated,  the 
drum  can  remain  stationary  during  the  progress 
of  the  plate,  but  when  a  new  set  of  transverse 
holes  are  required,  the  self-acting  apparatus  at 
the  side  of  the  framing  rotates  the  drum  so  as 
to  bring  a  fresh  set  of  dies  and  punches  into 


play.  The  upper  drum  is  moved  vertically  in 
the  ordinary  manner  by  execntrics  turned  on 
the  upper  main  shaft,  and  makes  about  sixteen 
strokes  per  minute.  The  macliine  has  space  on 
the  drum  for  thirteen  punches,  and  can  thereforo 
punch  thirteen  holes  through  -J-inch  plate,  each 
1-j^  inch  diameter,  at  each  stroke,  or  over  200 
holes  per  minute,  if  required. 

"  No  preparation  of  templates  or  marking  of 
the  plates  is  requisite,  as  the  self-acting  mechan- 
ism rotates  the  drum  for  differences  in  trans- 
verse pitch,  and  advances  the  plate  to  the  proper 
extent  for  longitudinal  pitch  at  each  stroke ;  and 
there  is  this  advantage,  that  both  curved  work 
and  variations  of  longitudinal  pitch  can  bo  per- 
formed by  this  machine,  which  could  not  bo 
managed  by  tho  Jacquard  apparatus  without 
great  extra  complexity.  In  large  bridges,  where 
heavy  plates  pierced  with  a  number  of  rivet-holes 
are  required,  the  use  of  such  machinery  effects  a 
great  saving  in  the  expense  of  manipulation, 
and  in  the  time  required  for  completion  of  the 
work. 

"  2.  Simidtancous  Manifold  Drilling  Machine, 
— Tho  object  of  this  machine  is  to  effect  an 
economy  of  labour  with  drilled  plates  similar  to 
that  derivable  from  the  puncliing  machine  above 
explained,  when  the  work  has  to  be  punched 
merely.  The  greater  attention  which  has  been 
paid  during  the  last  few  years  to  tho  details  of 
iron  structures  and  to  their  more  complete  finish, 
has  graduidly  led  to  the  \ise  of  drilled  instead  of 
punched  holes  in  many  important  works.  Not 
only  is  it  imagined  that  greater  accuracy  in  the 
position  of  the  holes  is  obtained  by  the  use  of 
the  drilling-apparatus,  but  also  thai  the  strength 
of  the  iron  remaining  between  the  holes  is  con- 
siderably greater  than  when  punching  is  em- 
ployed. There  can  be  no  doubt  that  in  any 
case,  but  more  especially  with  badly-formod 
punches  and  dies,  a  great,  and  perhaps  an  ex- 
cessive strain  may  be  thrown  upon  the  inter- 
mediate iron  in  forcing  the  punches.  This  idea 
is  at  least  gaining  ground,  and  it  is  not  un- 
common to  find  that  drilled  holes  are  specified  in 
bridge-plates,  or  in  boiler-plates,  which  havo  to 
withstand  a  considerable  strain.  When,  to  tho 
evil  of  weakened  material,  is  added  the  injury 
that  may  accrue  from  '  drifting '  badly-punched 
holes,  there  seems  reason  to  believe  tliat  tho 
use  of  the  drilling  machine  woidd,  in  many 
instances,  improve  a  great  deal  of  our  iron- 
work. The  model  of  the  drilling  machine 
exhibited  represents  a  machine  intended  to 
operate  upon  bridge-plates,  specially  to  get  over 
a  number  of  holes  at  one  time.  It  is  considered 
that  by  thus  completing  the  plate  at  one  opera- 
tion the  cost  of  tho  drilled  holes  may  bo  less 
than  when  formed  one  after  tho  other  at  the 
ordinary  punching  press.  It  Is,  of  course,  much 
more  expensive  to  drill  hole  after  hole  than  to 
punch  them  ;  but,  by  the  use  of  the  compound 
drilling  machine,  one  setting  of  the  plate  is  suffi- 
cient, and  the  work  is  finished  in  little  more 
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than  the  time  requisite  to  bore  one  hole  in  the 
ordinary  manner.  It  is  believed  that  the  ma- 
chine exhibited  by  model  is  superior  to  any  other 
compound  drilling  apparatus  yet  constructed,  or 
even  proposed.  Its  suj)eriority  lies  in  the  facility 
with  which  the  position  of  the  drills  can  l>c 
altered,  either  longitudinally  or  transversely,  for 
different  jmtterns  of  plates.  In  other  machines 
which  have  been  made  and  proposed  for  a  similar 
purpose,  the  drills  run  in  holes  cast  in  a  frame, 
and  are  incapable,  therefore,  of  any  variation  of 
pitch.  To  drill  a  new  pattern  with  such  machine 
requires  tho  removal  of  the  frame  and  substitu- 
tion of  another  with  the  boles  properly  arranged, 
which  is  both  expensive  and  troublesome  if 
many  different  pattern*  are  required.  In  tho 
model  exhibited,  the  pitch  can  be  varied  both 
transversely  and  longitudinally  without  disturb- 
ing the  drills  and  framework." 


CHAPTER  XXI. 

8TF.AM  If  AYMERS. 

Several  .steam-hammers  not  associated  with 
other  machines,  were  exhibited,  and  they  are  here, 
for  convenience,  described  in  one  chapter. 

F<o.  J*JS.  * 


as  well  as  lielow  the  piston,  to  accelerate  ita  fall, 
and  increase  the  force  of  the  blow.  This  hammer 
may  be  made  single-acting  or  double-acting,  by 
regulating  the  valves  ;  the  supply  of  steam,  and 
the  height  of  fall,  and  force  of  blow,  may  also 
be  regulated  by  the  gearing.  Steam  is  admitted 
throughout  the  whole  of  the  stroke ;  and  the 
variation  in  the  force  and  the  rapidity  of  the 
blow  is  effected  by  wiredrawing  the  steam  more 
or  less.  The  gearing  is  made  with  two  slide- 
surfaces,  acted  on  by  a  roller  attached  to  the 
hammer-block,  from  tho  movements  of  which 
the  valves  are  opened  and  closed  for  the  admis- 
sion and  exhaustion  of  the  steam.  The  Blides  are 
raised  or  lowered  by  hand,  to  fix  tho  points  of 
the  stroke  at  which  the  steam  is  admitted  above 
or  lielow  the  piston,  and  the  height  and  depth  of 
the  rise  and  fall  The  connection  of  the  slides 
is  such  that  they  may  be  shifted  vertically,  inde- 
pendently of  each  other ;  they  have  also  a  limited 
horizontal  traverse  for  adjustment,  and  in  this 
sense  they  are  linked,  and  they  slide  together. 
An  air-valve  is  applied  at  the  upper  end  of  the 
cylinder,  to  admit  air  to  follow  the  piston,  and 
prevent  a  vacuum,  when  single-acting,  and  to 
act  as  an  clastic  cushion  to  accelerate  the  descent 
of  the  hammer  (figs.  168,  1C9). 

2.  Messrs.  Robert  Morrison  «fc  Co.,  Ncwcastle- 
on-Tyne,  exhibited  a  20-cwt.  double-acting  steam- 
hammer.    The  frame  is  made  with  a  front  and 


Fig.  Ifl9. 


KjkVLOk'8  Sfiiif  .Hiinai,  br.the  Kirlcitoll  Forge  Company. 

1.  TheKirkstall  Forge  Company,  Leeds,  exhi- 
bited one  of  Naylor's  4  cwt  hammers,  together 
with  a  model  of  one  of  his  larger  hammers.  The 
original  feature  of  this  hammer  consists  in  its 
double  action,  the  steam  being  admitted  above 


XiTi-os's  Labor  FTKAU-UiMur.il,  by  the  KirtuUll 
Forge  Company. 


two  sides,  like  the  letter  E,  in  horizontal  section, 
and  contains  the  gearing  at  the  back,  between 
the  sides,  with  tho  steam  and  exhaust  passages 
east  into  the  angles.    The  hammer-bar  and  the 


Digitized  by  GoogI 


199 


piston  are  forged  together  in  one  piece,  the  bar 
being  extended  above  the  piston  and  passed 
through  the  top  of  the  cylinder,  with  two  stu fl- 
ing-box guides  al>ove  and  below.  The  piston 
is  made  steam-tight  by  two  small  steel  rings,  and 
tho  bar  above  the  piston  is  planed  flat  on  one 
side,  passing  through  a  corresjsmding  stuffing- 
box  and  gland,  to  act  as  a  guide  for  keeping  the 


hammer-faco  square  with  the  anvil.  The  ordi- 
nary valve  is  worked  from  a  crosshead  on  the 
upper  end  of  the  hummer  bar  by  means  of  a 
curved  slotted  link  ;  and  the  variation  of  the 
stroke,  and  the  force  of  the  blow,  are  made  by 
means  of  a  movable  gridiron  face-plate,  inter- 
jsjsed  between  the  valve  and  the  face  of  the 
cylinder,  and  adjustable  by  hand  (figs.  170,  171). 


Figs.  170. 


20-Cwt.  B-nu *- 1 Urnt IK,  by  Messrs.  Robert  Mormon  &  Co., 


8.  Messrs.  Hudswell  &  Clark,  Leeds,  exhibited 
a  4-cwt.  hammer,  double-acting.  It  has  a  double 
conical  valve  applied  at  the  back  of  the  cylinder, 
for  which  a  self-acting  motion  Is  derived  from  the 
tup  by  a  lever,  the  end  of  which  is  linked  to  it. 
The  valve  is  double,  cutting  olF  tho  steam  close 
to  the  cylinder  at  each  end.     By  shifting  the 


Fio. 171. 


steam-handle  to  three  several  jKJsitions,  the 
hammer  is  made  respectively  single-acting,  or 
with  half  steam  admitted  also  on  the  top  of  the 
piston,  or  with  full  steam  on  tho  top.  The 
piston  and  rod  arc  forged  in  one  piece,  and  the 
lower  end  of  the  rod  in  the  tup  is  enlarged  to 
pi-event  its  being  spread  by  hammering.  The 
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standards  aro  open  behind 
work  being  placed  on  the 
directions  (fig.  172). 


to  admit  of  long 
anvil  in  various 


Fio.  173 


4-Cwt.  HtiivII  imuis, 


ing  it  :  and  so 
of  tin?  stroke, 
or  other  of  the 


4.  Messrs.  Thwaitcs 
&  Carbntt,  Bradford, 
exhibited  a  7-cwt  self- 
acting  double -action 
hammer,  in  which  the 
self-action  was  pro- 
duced by  the  action 
of  three  cams  or  in- 
clined planes  at  dif- 
ferent elevations,  on 
the  back  and  on  the 
front  of  the  hammer, 
upon  rollers  con- 
nected  at  the  out- 
side, for  admitting 
the  steam  under  the 
piston,  and  at  the 
other  side  for  cutting 
it  oil'  and  exhausts 
regulating  the  height  nnd  depth 
by  getting  each  roller  to  one 
cams.  The  admission  <'f  HtttUn 
FlC.  173. 


the  top,  the  movement  of  a  lx>wl  working  in  an 
inclined  groove  cut  in  the  face  of  the  tup,  which, 
when  the  tup  rises,  acts  upon  a  tappet-frame, 
with  two  tappets  adjustable  by  screws,  to  act 
upon  the  valve,  and  vary  the  force  and  extent  of 
the  blow.  The  hammer  may  also  be  worked  by 
hand  (fig.  174). 

5.  Mr.  J.  Rhodes,  Wakefield,  exhibited  a 
steam-hammer,  in  which  the  valve -gear  is 
worked  by  a  tip{>ct  on  the  hammer-head,  to 
wliich  is  presented  a  forked  lever,  spread  in  the 
form  of  a  circular  segment,  the  upper  and 
lower  ends  of  which  are  tapped  alternately, 
according  to  the  rise  and  fall  of  the  hammer. 
The  stroke  is  shortened  by  shifting  the  fulcrum 


Fio.  17*. 


4  Cv  r.  Stkau-ITawmeb, 
by  Mi-Mrs.  Thw»ite«  &  Cwbull,  Ur»Uf  >rd, 

aliove  the  piston  is  regu- 
lated by  liand ;  the  steam 
is  not  exhausted,  but 
remains  as  a  cushion,  to 
increase  tin;  velocity  and 
force  of  the  blow.  .. 

A  4-cwt.  hammer  also 
was  exhibited  for  .smith  -sl^j 
work.  It  is  double-act- 
ing, worked  by  hand, and 
self-contained,  —  in  one 
casting  (fig.  173). 

The  exhibitors  have, 
since   exhibiting  these 
hammers,  modified  th©  details  of  the  larger 
hammer,  by  substituting  for  the  cam-motion  from 


S7IiM-lI  vSCUhS,  l>; 


(New  Driign.) 


of  the  lever  nearer  to  the  tappet,  thus  causing  the 
lover  to  be  struck,  and  the  gearing  to  be  reversed, 
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within  a  shorter  range  of  the  hammer.  Accord- 
ing to  this  contrivance,  the  stroke  can  only  bo 
shortened  by  reducing  it  at  both  ends,  as  the 
piston  must  work  to  and  from  the  middle  of  the 
cylinder  (fig.  175). 

Fig.  175. 


BtiaM-IIaMVEi,  by  Mr.  J.  Iihodra,  WsiefloM. 


0.  Messrs.  Glen  &  Ross,  Glasgow,  exhibited 
two  of  Rigby's  steam-hammers,  of  2^  cwt.  aud 


Fio.  17C. 


Higit"s  Brxi v-IIiimis,  by  Messrs.  Glen  &  Boss,  Glasgow. 

C  cwt,  and  a  drawing  of  a  6-ton  hammer  on  the 
same  principle.    The  2$  -cwt.  hammer  has  a 


0-inch  cylinder,  and  a  fall  of  20  inches.  The 
6-cwt.  hammer  has  a  12-inch  cylinder,  and  a 
2-feet  stroke.  The  piston  and  rod  are  forged 
in  one  piece,  and  the  piston-rod  is  flattened  on 
two  sides,  working  tlirough  corresponding  glands, 
which  act  as  guides.  The  valve  is  cylindrical, 
and  balanced,  consisting  of  three  discs  within  a 
cylinder,  forged  at  intervals  on  a  sliding  spindle, 
between  which  the  steam  is  admitted  and  dis- 
tributed. The  steam  admitted  below  the  piston 
is  afterwards  exhausted  to  tho  upper  sides,  and 
follows  the  piston  in  the  descent.  Thus  an 
excess  of  pressure  is  obtained  on  the  upjier  side 
for  double  action,  measured  by  tho  sectional 
urea  of  tho  piston-rod.  A  saving  of  strain 
results  from  this  arrangement,  compared  with 
an  ordinary  single-acting  hammer,  particularly 
in  forging  deep  masses  (fig.  176). 

Messrs.  J.  Eastwood  &  Sons,  Derby,  exhibited 
a  small  self-acting  double-acting  steam-hammer, 
or  steam-tilt,  for  tilting  cast-«teeL  A  revolving 
steam-valve  is  reciprocated  by  a  link  which 
works  in  an  inclined  slot  on  the  front  of  the 
tup.  It  is  a  Bimple  machine,  suited  for 
giving  quick  blows, — 350  to  400  per  minute. 
The  lift  can  only  be  varied  by  clianging  tho 
Bj>eed,  lifting  higher  as  it  goes  faster,  with  moro 
steam.  The  blow  is  not  heavy  when  it  descends 
upon  a  thin  object  on  tho  anvil,  as  the  steam 
for  the  ascent  gets  below  tho  piston  before  the 
stroke  Is  completed 

7.  Messrs.  Carrett,  Marshall,  <fc  Co.,  Leeds, 
exhibited  Joy's  self-acting  steam-hammer.  Tho 
jieculiar  feature  of  this  hammer  is  the  floating 
piston-valve  for  tho  distribution  of  the  steam  to 
the  cylinder.  It  is  moved  up  and  down  by 
steam  admitted  from  the  cylinder,  alternately 
from  the  upper  and  lower  sides  of  the  hammer- 
piston,  by  .small  openings  through  the  side  of 
the  cylinder,  covered  and  uncovered  alternately 
by  the  piston  in  its  ascent  and  descent.  The 
steam  admitted  during  the  ascent  of  the  piston 
raises  the  valve,  which  shuts  off  the  supply  to 
the  cylinder,  and  thus  terminates  the  up- 
stroke.  For  the  purpose  of  regulating  tho 
height  of  the  lift,  the  steam  is  admitted  to 
the  valvo  tlirough  one  or  more  of  a  series  of 
holes  in  a  vertical  row  in  the  side  of  the  cylin- 
der ;  and  the  lower  the  opening  is  made  for  the 
escape  of  the  steam  to  the  piston-valve,  which  is 
adjustable  by  a  slide  moved  by  hand,  the  sooner 
the  supply  is  shut  off  to  the  lower  end  of  the 
cylinder,  and  o{xmed  to  the  upper  end,  and  the 
shorter  the  stroke.  Again,  tho  steam  admitted 
to  the  valve  from  the  upper  end  of  the  cylinder, 
pressing  it  down,  shuts  off  the  supply  above, 
and  opens  for  steam  below  the  piston  ;  and  by 
wire-drawing  the  steam  so  admitted  above,  the 
descent  of  the  valvo  may  be  regulated  to  time 
the  opening  for  steam  below,  after  the  piston 
strikes  tho  blow,  until  which  time  the  hammer- 
bar  holds  to  the  anvil  like  a  vice  (figs.  177, 178). 

By  closing  the  openings  to  the  valve  from 
the  cylinder,  the  hammer  may  be  worked  by 


Jot's  Sti  im-11  a vvrn.    (Sectional  Tinr  of 
Cylinder  an  i  Pitton-Valre). 

Fio.  179. 


Jot's  8il»-actixo  BtsaX-Hahmm,  hj  M>*»r».  Can-Ht,  ManliaU,  £  Co.,  Ler<l«. 


hand,  like  ordinary  hammers,  by  a  lover  con- 
nected to  the  spindle  of  the  valve. 

8.  Mr.  Allan  C.  Wylie,  London,  exhibited  two 
of  Condie's  single-acting  moving-cylinder  ham- 
mers, the  peculiarity  of  which  is  that  the  stcam- 
cylinder  i.s  converted  into  the  tup,  and  is  moved 
up  and  down  between  slides,  whilst  the  piston 
Jiangs  stationary  from  the  top, — a  system  in 
which  Nasmyth's  well-known  arrangement  is 
reversed.  The  piston  rod  is  hollow,  for  the 
delivery  nnd  exhaust  of  steam  above  the  piston 
to  raise  the  cylinder;  it  is  susj tended  by  a  ball- 
and-socket  joint,  to  enable  it  to  yield  freely  to 
lateral  vibrations  of  the  cylinder.  The  hammer 
is  fitted  with  equilibrium  valves  worked  by 
hand,  and  by  confining  the  air  in  the  cylinder 
below  the  piston,  it  is  powerfully  COIDPrOOOpd 
during  the  ascent  of  the  cylinder,  and  adds  to 
the  force  of  the  blow  (tigs.  179,  1S<>>. 


COVOUr**  MoYIXG-CyMXMK  StIAM-IUmmIB 

l»r  Mr.  A.  C.  W?u>,  London. 


Coxnil'c  Lauoi  Movixg-ctmxdeb  Hamxii,  byMr.A.C.Wjlir. 
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9.  Mr.  John  Imray,  London,  exhibited  Imray 
<fc  Copeland's  hammer,  with  a  "  hydraulic  anvil 
and  striker."  Tho  hammer  in  "  fitted  to  the 
end  of  the  piston  -  rod 
with  an  intervening  liquid 
"cushion"  (?)  of  oil  to 
diffuse  the  pressure  and 
save  the  rod  from  being 
upset  The  anvil  is  mounted 
on  the  ram  of  a  hydraulic 
cylinder,  of  which  the  level 
may  lxs  varied.  The  shock 
is  described  as  being  "trans- 
mitted to  the  framing  and 
foundation  through  a  liquid 
cushion,  which  takes  off 
the  whole  violence  of  tho 
concussion."  This  may  bo 
questioned. 

10.  Mr.  T.  W.  Cowan, 
Greenwich,  exhibited  an 
"air-compressed"  hammer. 
Tho  ordinary  piston  works 
in  a  cylinder  full  of  air 
with  cocks  at  both  ends 
for  regulating  the  ingress 
and  egress  of  the  air.  The 
motion  for  lifting  the  ham- 
mer is  derived  from  a  cam- 
shaft. When  all  the  cocks 
are  fully  open,  the  hammer 
rises  and  falls  freely  by  its 
own  gravity ;  but  by  par- 
tially or  wholly  closing  one 
or  both  of  the  air-cocks, 
the  force  of  the  blow  may 
l>e  increased  or  reduced  as 
required  (fig.  181). 


made  from  the  Wst  cold  blast  iron,  and  are 
finished  by  boring  out  the  inner  surfaco  similarly 
to  the  cylinder  of  a  steam-engine,  nnd  when 


Note. — Tho  steam-ham- 
mers exhibited  by  Messrs. 
Naamyth  <fc  Co.,  and  by 
Mr.  Hulse,  are  noticed  with  their  other  machines 
at  pages  1G3  and  119. 
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Rolls  are  made  of  various  diameters,  from 
6  inches  to  24  inches,  and  the  depth  of  the  case- 
hardened  surface,  or  chill,  is  varied  to  suit  the 
work  to  be  rolled.  For  rolling  hot  sheets  of 
metal  the  depth  of  chill  averages  £  inch  in  depth, 
and  for  rolling  cold  sheets  the  chill  is  from 
l\  to  1£  inch  deep.  The  rolls  are  cast  in  iron 
moulds,  technically  termed  in  England  "  chills," 
ami  in  France  "coquilles."  The  moulds  vary 
in  thickness  according  to  the  size  of  the  rolls, 
and  arc  from  12  to  18  inches  thick.    They  are 


Aib-cocthuid  IIiuusb,  by  Mr.  T.  W.  Cowan,  Greenwich. 


finished  tho  surface  must  1k»  free  from  pin-holes 
or  other  defects.  The  duration  of  these  "chills" 
is  very  various.  Sometimes  they  will  crack  in 
casting  the  first  or  the  second  roll,  and  the  exjxmsc 
of  frequent  renewals  of  chills  forms  a  large  item 
in  the  cost  of  the  rolls. 

The  method  of  casting  is  as  follows  : — Tho 
necks  and  "  wabblers  "  forming  the  ends  of  the 
rolls,  are  moulded  in  sand  contained  in  iron  boxes 
or  flasks,  in  the  usual  manner,  and  the  iron 
mould  or  M  chill,"  which  forms  the  matrix,  or 
mould  for  the  body  of  the  roll,  is  placed  between 
the  boxes  which  contain  the  necks.  The  entire 
mould  is  fixed  on  end,  and  the  melted  iron 
pourod  into  it.  When  the  niolten  iron  comes 
in  contact  with  tho  surfaco  of  tho  iron  mould  it 
is  suddenly  chilled  to  a  greater  or  less  depth, 
and  assumes  a  peculiar  crystalline  texture,  which 
when  broken  shows  a  silvery  fracture.  The 
depth  or  amount  of  "  chill  "  on  the  surface  of  a 
roll  does  not  depend  upon  the  time  it  remains 
in  the  mould,  but  is  of  instantaneous  formation 
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at  the  moment  the  melted  iron  touches  the  iron 
mould. 

The  trade  of  chilled-roll  casting  is  one  pecu- 
liarly liable  to  heavy  losses  from  wasters.  A 
few  pin-holes  in  the  surface,  or  a  too  great  or 
too  little  depth  of  the  case-hardened  surface, 
necessitates  their  rejection  ;  and  such  defects  are 
frequently  only  discovered  after  considerable 
labour  has  l»een  expended  upon  them  in  turning. 

The  great  desideratum  in  chilled  rolls  is  to 
combine  a  uniformly  hard  and  homogeneous  sur- 
face with  great  strength.  It  is  found  in  practice 
that  "  cold  blast"  pig  iron  alone  has  the  property 
of  acquiring  the  necessary  hardness  of  surface 
when  run  in  contact  with  iron  moulds ;  and 
even  in  a  make  of  iron  suitable  for  the  purpose 
it  is  only  a  certain  class  of  pigs,  possessing  a 
]K*culiar  crystalline  arrangement  of  particles, 
that  can  be  used.  These  pigs  are  selected  a  few 
at  a  time  out  of  every  "  cast "  or  "  running  "  at 
tho  blast  furnaces ;  and  this  is  an  operation 
which  requires  a  very  practised  eye,  success  in 
which  am  only  1x5  acquired  after  many  years' 
exj>erience. 

-  The  iron  which  possesses  the  greatest  degree 
of  hardness  when  chilled  is  frequently  deficient 
in  strength,  when  it  requires  to  be  mixed  with 
other  irons  of  greater  strength,  so  that  the  mix- 
ture may  unite  the  two  properties  of  hardness 
and  strength.  But  as  there  is  no  chemical 
affinity  between  one  make  of  iron  and  another, 
it  is  impossible  to  obtain  a  perfectly  homogeneous 
and  uniform  quality  of  iron  from  several  mix- 
tures by  once  melting  only.  Messrs.  Perry  «fc  Son 
have  for  some  years  adopted  the  plan  of  melting 
their  various  mixtures  together,  and  running 
them  into  pigs,  and  again  re-melting  these  pigs 
several  times  till  the  required  uniformity  is 
obtained  ;  but  as  this  process  is  attended  with 
very  considerable  expense,  it  is  obvious  that  it 
can  only  be  done  in  making  rolls  of  firstclass 
quality. 


Messrs.  Thomas  Perry  «fe  Son,  Highfields, 
Bilston,  exhibited  a  large  hard-cJtilled  sheet-roll 
21  inches  in  diameter  and  4  feet  4  J  inches  long 
in  the  body,  turned  and  polished  for  rolling 
sheet-metals  (fig.  182)  ;  also  a  pair  of  8-inch 
chilled  guide-rolls,  8  inches  long  in  the  body,  and 
turned  for  rolling  round  iron- 
Messrs.  Smith  «fc  Hawkes,  Birmingham,  ex- 
hibited a  chilled  roll  22  inches  in  diameter  and 
30  inches  long  in  the  body.  They  exhibited 
also  a  testing-niachine,  such  as  they  use  to  prove 
tho  quality  of  their  iron.  The  iron  is  prepared 
in  bars  one  iuch  square,  which  are  laid  vipon 
supports  18  inches  apart.  The  pressure  is  ap- 
plied transversely  at  tho  centre  between  the 
supports,  by  means  of  a  lever  and  weights. 

Madame  Sinil>aldi,  Greenwich,  exhibited  Sisoo 
«fc  Siuibaldi's  system  of  manufacturing  cJvrin- 
cables  from  cold-rolled  hoop-iron,  brazed.  The 
chain  is  made  of  hoop-iron  of  the  breadth  re- 
quired ;  each  link  is  formed  by  winding  the 
hoop-iron  upon  a  mould  which  revolves,  until 
the  required  thickness  of  link  is  obtained.  When 
a  sufficient  numtter  of  links  are  in  position,  they 
are  plunged  in  a  bath  of  melted  metal,  and  the 
whole  of  the  lamina?  are  bound  together.  Cen- 
tral studs  and  end-wearing  pieces  are  then 
brazed  in.  The  usual  test-strain  of  a  2-inch  iron 
chain  for  naval  service,  is  72  tons.  One  of  the 
hoop-iron  chains,  2  inches  broad  and  2  inches 
thick,  on  being  tested  at  Woolwich,  broke  the 
2^-inch  testing-chain  at  114  tons.  A  chain  of 
the  same  size  was  afterwards  tested  by  a  strain 
of  120  tons.  There  can  be  no  doubt  of  tho 
strength  of  a  cable  formed  in  this  manner.  It 
is  well  known  that,  proportionally  to  the  sec- 
tional area,  thin  rolled  iron  is  stronger  than 
thick  iron.  Tho  Government  is  now  alive  to 
the  necessity  for  testing  chain-cables,  from  the 
failures  of  which  numerous  losses  at  sea  take 
place  annually.  The  hooj>-iron  cable  deserves 
to  be  fully  and  fairly  tried. 


Fio.  182. 


■ 


■ 

Siikst-Mlt.il  Boil,  l>jr  Mown.  Thomas  Terry  &  Son,  Highflcldt,  BQ»ton ;  partly  in  section  to  show  the  chitt. 


CHAPTER  XXIII. 

FOKEK1X  MACHINE-TOOLS. 

Madame  Do  Coster,  Paris,  exhibited  a  shaping 
machine  and  a  vertical  drill  uf  common  construc- 
tion. Tho  ram  of  the  shaping  machine  is  like 
Messrs.  Muir's,  in  tho  form  of  a  thick  plate  on 
edge,  sliding  in  V  grooves  at  the  upper  and 
lower  edges,  with  the  driving-pin  on  one  side. 


MM.  Varrall,  Elwell,  «fc  Poulot,  Paris,  ex- 
hibited a  planing  machine  to  eonqiass  G.\  feet 
by  3  fcet^  by  3  feet  high.  It  is  driven  by 
means  of  spur-gear,  with  a  double  rack  and 
tumbler  motion. 

MM.  J.  k  C.  G.  Bolinder,  Stockholm,  exhi- 
bited a  compound  planing  and  shaping  machine 
suitable  for  small  factories. 

M.  R.  Hartmann,  Chemnitz,  exhibited  a  selec- 
tion of  machine-tools.  —  1.  An  8|-mcA  Lal/ie, 
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having  a  guide-screw  for  screw-cutting  and 
sliding,  witli  a  half-nut  eight  inches  long.  A 
feed  for  surfacing  is  obtained  from  the  screw 
by  a  worm-wheel  on  a  cross  shaft  2.  A 
Slotting  Machine,  in  which  the  vertical  motion 
for  the  ram  is  taken  oft'  the  side  of  the  spur- 
wheel.  3.  Nut-cultiiuj  Machines,  two  in  number, 
one  for  facing  and  bevilluig  the  edges  of  the  nut, 
which  is  secured  upon  the  end  of  a  revolving 
spindle,  by  means  of  two  separate  cutters  fixed 
in  one  slide  and  acting  together.  The  other 
machine  is  for  shaping  the  sides  of  nuts.  It 
Ls  double-headed,  with  vertical  action  like  a  slot- 
ting machine.  Each  head  works  a  {Hiir  of  cutters 
to  .shape  two  opposite  sides  at  once.  The  nuts 
are  fixed  on  a  vertical  mandril,  with  a  compress- 
ible conical  end  to  tighten  in  the  nut.  The  feed 
is  horizontal,  cutting  both  ways,  and  no  timo  is 
lost  in  1  *aoking.  The  connection  for  the  feed 
is  elastic,  and  elongates  to  save  breakage  should 
the  slide  get  jammed.  It  is  stated  that  350 
nuts  2-inch  diameter,  or  500  nut*  $-inch  dia- 
meter, may  Ihj  cut  j>er  day.  4.  A  Jiadial  Drill- 
ing Machine  on  a  huge  square  east-iron  1*ise,  co- 
extensive with  the  range  of  the  jib,  planed,  with 
a  solidly  -designed  frame,  in  one  casting,  carrying 
within  it  the  driving  and  driven  cones.  The  jib 
swivels  on  a  fixed  pivot  on  the  upper  part  of  the 
frame.  5.  A  Slot' drilling  Machine,  in  which 
the  work  is  traversed  under  the  drill. 

If.  J.  Zimmermann,  Chemnitz,  exhibited  a 
select i "ii  of  machine-toohi  for  working  in  metal 
and  in  wood.  The  machines  for  metal,  compri- 
sing with  other  things  a  planing  machine  and  a 
slide-lathe,  were  constructed  on  the  models  of 
English  tools,  excepting  two  nutcutting  ma- 
chines, single  and  double-headed,  with  double 
cutters,  similar  in  construction  to  M.  Hart- 
inann's.  Also  a  machine  for  squaring  or  cutting 
oft'  the  ends  of  boiler-tubes,  and  for  timiing  the 
ends  outside  and  inside,  for  the  purpose  of  re- 
pairing the  tubes,  by  soldering  new  pieces  to 
replace  Worn  ends. 

MM.  Sondermann  &  Sticr,  Chemnitz,  exhi- 
bited a  tube-cutting  machine  like  that  of  M. 
Zimmermann. 

Foreign  Steam- Hammers.  —  Messrs,  Fareot 
&  Son,  Paris,  exhibited  a  species  of  double-acting 
Kteam-hammer,  in  which  the  steam  plays  only 
above  the  piston,  for  the  down  stroke,  and  works 
against  a  permanent  cushion  of  steam  below 
the  piston. 

MM.  VarralL  Elwell,  «fe  Poulot,  Paris,  exhi- 
bited a  steam-hammer,  constructed  on  Naylor's 
principle.  The  piston-rod  is  excellently  con- 
nected to  the  tup  ;  it  is  spherically  enlarged  at 
the  end,  and  let  into  a  chamber  in  the  tup,  I 
and  there  embraced  by  conical  wedges  round 
the  neck  to  prevent  its  withdrawal.  On  the 
lower  side,  it  is  packed  with  a  steel  plate,  hol- 
lowed to  fit  the  spherical  end,  and  wedged  up 
taut  through  the  side  of  the  tup.  Thus,  with 
ease,  the  red  may  be  disengaged  from  the  tup,  | 


if  necessary ;  whilst,  in  other  hammcra  where 
the  rod  is  cottcred  into  the  tup  in  the  usual 
manner,  there  is  frequent  difficulty  in  extract- 
ing the  rod  in  consequence  of  its  being  staved  up. 

MM.  Schmerber  Brothers,  Mulliousc,  exhi- 
bited a  hammer,  lifted  by  means  of  a  cam  on 
a  revolving  shaft,  engaging  in  a  vertical  slot  in 
the  hammer.  The  shaft  is  made  with  india- 
rubber  couplings  to  soften  the  backlash ;  and 
an  india-rubber  spring  abovo  gives  a  double 
action. 

MM.  Rothschild  Brothers,  Witkowitz,  Mo- 
ravia, exhibited  a  model  of  a  4-ton  single-acting 
hammer.  By  means  of  three  cams  on  the  luck 
of  the  tup  acting  on  the  valve,  as  in  Messrs. 
Thwaites  «fe  Carbutt's  hammer,  the  steam  ad- 
mitted below  the  piston  Ls  cut  off  at  different 
elevations,  to  vary  the  stroke.  The  maximum 
stroke  is  40  inches. 

The  Austrian  States  Railway  Company  ex- 
hibited drawings  of  the  hydraulic  forging  press, 
the  invention  of  Mr.  J.  Haswcll,  of  Vienna,  for 
forging  iron  and  steel  by  hydraulic  pressure. 
The  metal  operated  upon  is  pressed  between 
the  flat  fiices  of  the  hydraulic  ram  and  a  fixed 
anvil,  or  it  is  squeezed  into  moulds,  and  thereby 
brought  into  any  required  shaj>e  at  one  single 
operation.  The  difficulties  that  had  previously 
to  be  overcome  in  applying  a  hydraulic  press  for 
forging  iron,  were  caused  by  the  exceedingly 
slow  motion  of  the  ram,  wliich  in  most  cases 
allowed  the  iron  to  cool  too  soon.  This  is 
obviated  in  Mr.  Haswcll's  machine.  The  hy- 
draulic ram  is  operated  upon  by  the  downward 
pressure  in  the  main  cylinder,  the  water  being 
admitted  by  valves  which  ojam  a  communication 
between  the  cylinder  and  a  reservoir  filled  partly 
with  steam  from  the  boiler,  and  partly  with 
water,  on  which  a  piston  is  floated.  The  pres- 
sure of  steam  upon  the  piston  in  the  reservoir 
forces  the  water  into  the  cylinder,  and  the  ram 
is  moved  rapidly  down  until  it  touches  the 
iron,  upon  which  it  exerts  a  pressure  equal  to 
the  wholo  pressure  of  the  steam  upon  it  The 
cylinder  is  now  put  in  communication,  by  shift- 
ing the  valves,  with  two  jiowerful  foree-puinps 
worked  by  a  steam  engine,  and  the  increased 
hydraulic  pressure  so  produced  supplies  the 
ultimate  working  pressure  for  squeezing  tho 
iron.  The  lifting  of  the  ram,  after  having  com- 
pleted the  operation,  is  effected  by  means  of  a 
differential  piston  connected  to  the  first  piston, 
on  which  the  force-pumps  are  brought  to  bear. 
The  ram  is  thus  lifted,  and  the  water  from 
the  main  cylinder  returns  at  the  same  time  to 
tlie  reservoir. 

M.  L.  Schwartzkopf,  Berlin,  exhibited  a 
hammer,  in  which  tlie  length  of  stroke  is  not 
varied,  but  the  force  of  the  blow  is  varied  by 
wire-drawing  the  steam,  and  causing  tho  ham- 
mer to  move  more  slowly.  The  motion  for  tho 
valve  is  derived  from  a  stud  fixed  on  the  tup, 
which  plays  between  the  jaws  of  a  forked  lever 
in  connection  with  the  valve,  striking  them 
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alternately,  as  in  Mr.  Rhodes's  hammer,  but 
without  his  mean*  of  varying  the  stroke.  The 
anvil  is  bedded  nn  water,  and  may  be  raised  or 
lowered  to  suit  the  work,  as  in  Imray  J;  Cop- 
land's hammer. 


CHAPTER  XXIV. 

CONCLUSIONS  ON  THE  MACHINE-TOOLS  EXHIBITED. 

There  is  considerable  diversity  in  detail  in 
the  machine-tools  exhibited,  but  machinists  are 
approximating  to  common  ty]»es  of  structure 
and  workmanship.    Sliding  surfaces  are  scraped, 
screws  are  uniform,  frame-castings  are  hollow  ; 
all  lathe-tads  are  of  cast-iron,  they  :uv  are  all 
planed  ;  headstocks  are  alike,  they  have  Imck- 
gear,   conical  bearings,  and  sliding  spindles. 
Screws  are  all  cut  by  screws ;  wheel-lathes  have 
all  double  face-plates,  with  circular  racks  on  the 
back  to  drivo  them  ;  and  they  are  all  adapted  for 
working  singly,  simultaneously,  or  conjointly. 
The  tables  of  planing  machines  all  move  on  ' 
wedge-troughs  :  thev  are  moved  for  the  mast  i 
part  by  nick  and  pinion,  and  they  have  a  quick  j 
return.    Sliaping  machines  are  all  made  with  a 
quick  return,  and  slotting  machines  arc  not.  i 
Vertical  drills,  have  a  descending  feed,  and  hori-  ! 
zontal  cone-pulleys  to  drive  them.     Above  all,  ] 
machinists  are  unanimous  in  the  application  of  j 
Hell-acting  feeds. 

In  these  and  in  many  other  particulars  the 
machine-tool  engineers  agree.  But  in  several 
important  respects  they  continue  to  differ.  Yet 
it  is  important  to  remark  that  differences  or  va- 
rieties may  exist,  and  will  probably  always  exist, 
which  only  reflect  the  habits  of  thought  and  the  I 
customs  of  practice,  and  which  may  justly  Ihj 
accepted  as  mechanical  equivalents.  The  ultimate 
pur|>ose  of  a  metal-cutting  tool  is  to  make  a  con-  | 
tinuous  cut  by  pressure  in  lieu  of  chipping  by 
blows,  in  one  of  two  modes  ; — in  a  straight  line, 
by  the  reciprocation  of  the  work  or  of  the  cutter; 
or  in  a  circle,  by  its  revolution  ; — and  it  affords 
]»owerful  testimony  to  the  inventiveness  of 
English  engineers  that  so  simple  an  abstraction 
can  be  embodied  in  such  a  variety  of  machines. 

The  following  general  observations  arc  founded 
u]K>n,  and  have  reference  to,  the  machine-tools 
exhibited. 

Lathee. — Of  the  cutting-tools,  the  lathe  is  the 
iuoKt  ancient  and  the  most  serviceable.  The 
first  and  most  natural  function  of  the  lathe  is  to 
form  a  truly  cylindrical  lxxly,  by  means  of  the 
rotation  of  the  spindle,  and  the  sliding  or  tra- 
versing of  the  cutter  in  a  direction  jiamllel  to 
tho  axis  of  rotation  ;  but  it  is  employed,  in 
addition,  for  cutting  screws  and  for  surfacing  or 
sliding  the  cutter  at  right  angles  to  the  axis  of 
rotation  across  the  bed,  to  form  flat  disc-surfaces. 
Conical  bearings,  it  is  agreed,  are  preferable  to 
cylindrical  bearings  for  the  spindle  of  the  fixed 


headstock,  partly  for  the  sake  of  resisting  the 
end- thrust,  but  chiefly  to  admit  of  a  ready 
means  of  taking  up  the  wear  and  alack  of  the 
bearings  by  lock-nuts  at  the  « tail "  of  the  lathe. 
Lock-nuts  are  also  applied  to  the  spindle  to 
intercept  the  thrust,  with  a  flat  bearing  ujhmi 
the  headstock;  dis|iensing  therefore  with  the 
"  tail-pin,"  which  was  universally  applied  to 
take  the  end-thrust  of  cone-spindles  with  cylin- 
drical bearings  before  conical  bearings  came  in. 
This  is  a  neat  plan,  and  is  convenient  for  the 
adjustment  of  the  change-wheels  ;  but  the  lock- 
nuts  are  liable  to  shift  and  get  loose  by  tho 
friction  of  the  end-thrust,  and  to  act  properly 
they  must  be  screwed  with  perfect  truth,  to 
insure  their  taking  a  breadth  of  bearing.  In 
some  lathes,  accordingly,  the  tail  pin  is  applied, 
in  conjunction  with  conical  bearings,  to  take 
tho  end-thrust,  with  lock-nuts  to  take  up  the 
slack.  To  accommodate  the  change-wheels  in 
lathes  with  tail-pins,  a  system  of  small  carrier- 
pinions  is  in  some  lathes  applied  to  take  off  the 
motion  from  the  spindle,  clear  of  the  tail-pin 
frame.  By  another  plan,  in  which  tho  tail-pin 
frame  is  made  with  widely-spaced  standards,  on 
one  of  which  the  tail-pin  bracket  is  hinged, 
and  may  be  readily  removed,  large  change- 
wheels  may  be  placed  direct  on  the  cone- 
spindle. 

The  traversing  motion  for  cutting  screws  is, 
in  all  lathes,  derived  from  a  screw.  The  same 
screw  is  also,  in  some  lathes,  employed  to  tra- 
verse the  slide  for  ordinary  turning,  and  to 
afford  a  fulcrum  for  a  pinion,  to  traverse  the 
slide  quickly  by  hand.  In  others,  a  rack-and- 
pinion  are  provided  exclusively  for  quick  tra- 
versing ;  and  in  others,  again,  the  rack-and- 
pinion  motion  is  employed  also  for  sliding,  the 
screw  being  retained  for  screw-cutting.  The 
first-named  plan,  with  the  screw  alone,  is  de- 
cidedly the  simplest,  with  tho  fewest  number  of 
pails  ;  but  with  the  application  of  the  rack  and 
pinion  for  sliding  and  traversing,  tho  guide- 
screw  is  kept  longer  true  for  cutting  truo 
screws.  The  question  with  respect  to  the 
guide-screw  is  not  considered  to  be  one  of  slight 
wear,  but  that  there  should  not  be  any  wear  at  alL 
A  neat  means  of  reversing  the  traversing  motion 
of  the  carriage,  by  the  interjKwition  of  a  carrier- 
wheel  by  a  hand-motion,  is  generally  employed 
in  slide-lathes.  The  design  of  the  duplex -cutters, 
applied  at  opj>o8ite  sides  of  the  work,  for  taking 
two  cuts  at  once,  is  excellent ;  though  an 
objection  is  made  that  tho  following  cut  is  liable 
to  follow  the  irregularities  of  the  leading  cut  in 
a  long  or  slender  piece  of  work.  There  is  less 
objection  to  the  plan  of  applying  both  the 
cutters  to  the  same  side  of  the  work. 

The  ipuck  drawback  motion  for  the  cutter 
employed  in  cutting  screws  is  useful,  if  properly 
applied.  The  method  of  the  excentric,  for  set- 
ting and  withdrawing  the  cutter  on  dead 
centres,  is  simple  and  good.  It  requires  no 
supervision,  as  it  cannot  spring  out  of  ]x>sitiou. 
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The  application  of  conical  friction-surfaces  for 
avoiding  undue  strain  in  working  the  self-acting 
motions  of  the  slide,  in  the  lathes  of  Messrs. 
Shepherd,  Hill,  «fe  Co.,  is  note-worthy,  as  it 
supplies  a  means  of  preventing  the  breakage  of 
machinery  from  neglect  or  accident. 

The  addition  of  a  special  motion  for  special 
work  to  a  general  tool,  as  in  the  cotter  turning- 
lathe,  is  of  doubtful  advantage;  for,  though  the 
additional  cost  may  l>e  moderate,  yet,  when  the 
same  motion  may  Ik;  worked  out  simply  and 
effectively  on  a  smaller  and  separate  machine,  it 
may  Ixj  better  to  reserve  the  larger  tool  for  its 
own  proper  work  if  it  can  be  fully  employed. 

Double  face-plate  Lathes. — The  double  face- 
plate lathe,  originally  the  invention  of  Mr. 
Joseph  Beattie,  was  differently  constructed, 
with  one,  two,  and  three  driving  cone-pulleys. 
With  one  cone,  the  cone-spindle  is  placed  at 
the  l>ack,  from  which  all  the  motions  arc  de- 
livered to  the  face-plates  at  their  circumferences 
by  means  of  gearing,  with  sliding  pinions. 
With  two  cones,  the  duties  are  divided  :  one 
for  working  on  large  diameters,  through  the 
face-plate  rack ;  the  other  for  small  diameters, 
through  a  spur-wheel  on  the  spindle.  The 
single-cone  pulley  has  less  mechanism,  with  the 
steadiest  motion,  acting  entirely  through  the 
circumference  of  the  face-plate ;  but  with  the 
duplicate  cone-pulleys,  two  separate  motions 
am  be  taken  off  at  once — one  for  each  face- 
plate — and  at  suitablo  speeds.  By  the  addition 
of  the  thin!  cone-pulley,  applied  to  the  following 
hea<lstock,  an  additional  quick  motion  can  be 
had  for  acting  on  small  diameters ;  and  the 
lathe  Inmeficially  becomes,  practically,  two  inde- 
pendent machines. 

The  circular  rack  on  the  back  of  the  face- 
plate is  either  cast  or  bolted  on.  The  single 
casting  makes  a  perfectly  good  job.  With  ex- 
ternal teeth,  the  rack  may  l>c  extended  to  the 
extreme  diameter  of  the  face-plate,  giving  a 
good  steady  purchase  on  the  face-plate  ;  but  to 
get  rid  of  the  inconvenience  of  crossing  the  belt 
with  treble  gear  for  the  slowest  speeds,  the 
circular  rack  of  a  heavy  break-lathe  has  been 
nuide  with  internal  teeth.  The  motion  is  no 
doubt  very  smooth,  and  probably  the  teeth  of 
the  rack  may  bo  made  of  a  stronger  form  than 
when  exterior ;  but,  on  the  contrary,  the  teeth 
of  the  pinion  are  likely  to  be  weaker,  being 
narrowed  near  the  base,  and  the  internal  rack 
diminishes  the  purchase  on  the  face-plate. 

Plaiting  Mac/iines. — The  bed  of  the  planing 
machine  Is  traversed  by  means  of  a  screw,  or  by 
means  of  a  rack  and  pinion.  The  motion  of  the 
screw  Is  perfectly  smooth  and  perfectly  regular, 
and  it  stops  the  table  dead  for  reversing  without 
straining  the  driving-gear.  When  originally 
introduced,  the  screw  was  unquestionably  supe- 
rior to  the  rack  as  it  used  to  be  made — as  a 
propeller  for  the  table  ;  its  power  of  wearing 
well,  moreover,  is,  for  that  puqiose,  first-rate. 
The  driving-gear  for  the  screw  is  necessarily 


placed  at  one  end  of  the  machine,  out  of  the 
way,  and,  it  Is  needless  to  add,  facilitates  the 
operation  of  the  attendant,  when  compared  with 
the  side-gear  required  for  working  tho  rack- 
motion. 

The  rack -motion,  originally  vibrative  and 
otherwise  defective  for  the  production  of  a  per- 
fectly straight  cut,  has  been  materially  improved. 
To  adapt  the  imperfectly -formed  teeth  of  the 
racks  formerly  made,  for  straight  cutting,  by  di- 
viding and  reducing  the  jar,  they  were  originally, 
and  are  now,  in  some  instances,  divided  into 
parallel  rows,  with  repeating  teeth,  in  duplicate, 
in  triplicate,  or  even  in  quadruplicate  ;  and  pro- 
bably this  was  the  best  that  could  be  done  with 
them,  in  the  want  of  a  correct  form  of  tooth. 
But,  that  the  repeating  rack  may  work  as  desired, 
the  teeth  of  both  the  rack  and  the  pinion  must 
1*  formed  and  pitched  with  absolute  unifor- 
mity, otherwise  the  motion  fails,  and  the  teeth 
are  liable  to  be  broken.  The  form  of  the  teeth, 
therefore,  has  been  the  subject  of  careful  re- 
vision, on  the  principles  announced  and  ably 
expounded  by  Professor  Willis  and  others,  and 
a  correct  form  of  tooth  has  thus  been  matured. 
With  correctly-formed  teeth,  then,  the  single 
rack,  whilst  it  preserves  the  full  strength  of  the 
teeth,  transmits  a  very  smooth  and  steady 
motion  to  the  table,  sufficiently  so,  probably,  for 
almost  every  practical  purpose.  The  rack, 
besides  l>eing  easily  made,  Is  necessarily,  by  tho 
fact  of  its  being  bolted  to  and  constituting  a 
of  the  table,  rigidly  sustained,  and  affords  a 
bearing  for  the  thrust  of  the  propelling  pinion. 
The  screw,  on  the  contrary,  is  necessarily  sns- 
]  tended  lietween  its  extremities  with  the  single 
aid  of  the  nut  in  which  it  works,  and  which 
connects  it  to  the  table  for  propulsion ;  and  it 
is,  when  of  considerable  length,  liable  to  be 
twisted  or  vibrated  out  of  its  right  line  by  the 
resisting  strain  of  a  heavy  cut  Users  of  tools 
work  their  machines  to  their  maximum  capacity, 
and  heavy  cuts  are  in  vogue  to  expedite  the 
work.  The  policy  of  heavy  cutting  may  be 
right,  or  it  may  lie  wrong ;  but  manufacturers 
of  planing  machines,  as  of  other  tools,  have 
been  driven  to  the  adoption  of  massive  pro- 
|M>rtions  and  rigid  connections,  to  support 
the  strains.  In  one  planing  machine  tho 
driving  pinion  under  the  rack, — overhung  in 
other  machines, — is  supported  by  a  bearing 
in  the  frame  on  each  side,  to  extinguish  all 
vibration.  The  main  condition  of  steadiness 
and  smoothness  of  motion,  besides  massiveness 
and  strength  of  framing,  is  weight  and  stiffness 
in  tho  table.  The  rack-table,  it  may  be  added, 
may  be  placed  lower  tlian  the  screw -table,  as 
the  latter  is  formed  to  clear  the  driving-gear  at 
one  end  of  the  bed ;  and  further,  the  propelling 
power  is  applied  to  the  rack-table  at  a  sta- 
tionary point  in  the  fraine-bed,  just  below  the 
cutter,  or  the  j>oint  of  resistance  ;  whilst,  in  tho 
screw-table,  the  power  Is  applied  to  the  travel- 
ling nut,  from  which  it  must  be  transmitted 
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through  the  table  towards  the  cutter.  In  the 
former,  the  power  is  advantageously  applied  at 
the  shortest  distance  from  the  resistance  ;  in  the 
latter,  it  is  advantageously  applied  at  the  centre 
of  the  mass  of  the  table : — these  are  the  respective 
advantages. 

The  reversing  or  double-acting  cutter,  to  cut 
both  ways,  is  applied  to  Messrs.  Whit  worth 
ife  Co.'s  largest  planing  machine.  In  their 
smaller  machines,  and  in  all  the  other  planing 
machines,  the  single-acting  fixed  cutter  is  applied, 
with  a  quick  return.  The  double-acting  cutter 
wits  originally  applied  to  save  the  great  loss  of 
time  in  returning  at  the  same  sjkhhI  as  in 
cutting;  an,  of  course,  double  the  quantity  of  work 
was  done  by  the  double-acting  cutter  in  the  same 
time  wlulst  at  work.  But,  with  a  quick  return 
at  three  times  the  cutting  speed,  which  is  now 
applied  to  other  machines,  the  double-acting  cut- 
ter can  do,  at  the  utmost,  only  a  third  more  work 
in  thesame  time ; — actually  less  than  a  third  more, 
reckoning  the  time  for  setting  and  fixing  work 
on  the  table,  and  allowing  for  work  to  which  the 
double-acting  cutter  is  inapplicable,  and  for  other 
constant  quantities.  The  cnjMicity  of  the  single- 
acting  machine  is  further  increased  by  the 
application  of  a  second  cutter  and  slide.  By 
means  of  stops  acting  on  levers  of  different 
lengths,  the  motion  of  the  rack-table  is  reversed 
with  the  sitme  ease  and  certainty  both  ways, 
and  with  sufficient  precision  for  the  purpose. 

The  cutter-box,  with  double-revolving  adjust- 
able slides,  in  Messrs.  Fairl«airn  «fc  Co.'»  machine 
for  planing  inclined  surfaces,  is  worthy  of 
notice,  as  an  addition  to  the  capacity  of  the 
tooL  It  involves  a  greater  number  of  pieces 
in  the  carriage,  and  a  greater  projection  of  the 
cutter  from  the  face  of  the  transverse  slide. 

SJtaping  MacJiines. —  Shaping  machines,  like 
planing  machines,  cut  only  one  way,  and  are 
driven  with  a  quick -return  motion,  excepting 
for  the  smallest  sizes.  The  quick  return  is 
}>erformed  in  a  simple  and  elegant  manner  by 
means  of  the  slotted  link  vibrating  on  its  lower 
end.  The  connection  and  transmission  of  )x>wcr 
to  the  ram  is  made  at  one  side  of  it,  in  some  in- 
stances ;  and,  in  others,  at  the  centre  line,  in  the 
direction  of  the  cutting  strain.  The  lateral  con- 
nection strains  the  ram  obliquely,  and  tells  upon 
the  slides  by  wearing  them  diagonally  ;  and  with 
an  overhanging  cutter,  a  long  stroke,  and  a  heavy 
cut,  the  cut  Is  not  likely  to  be  so  nearly  correct  as 
when  the  connection  is  centraL  Bams  are  usually 
constructed  hollow,  and  of  considerable  breadth, 
with  a  broad  base.  But  the  wider  the  ram, 
the  more  injurious  is  the  oblique  action,  with 
a  lateral  strain  ;  and  the  solid  ram,  consisting  of 
a  plate  on  edge,  guided  in  V  slides  at  top  and 
lx>ttom,  admits  of  the  lateral  connection  being 
applied  near  to  the  cutter-line. 

The  bed  of  the  shaping  machine  requires  to 
be  of  great  depth  to  ensure  a  stiff-  and  unyield- 
ing support  for  the  tables.  In  most  cases,  the 
depth  is  insufficient   to  resist  the  overhung 


strain  of  the  cutter.  The  tables,  also,  must  be 
strongly  bracketed ;  and  to  ensure  to  them,  as 
overhanging  tables,  the  greatest  degree  of 
stiffness,  the  stiffening  flanges  or  brackets  are, 
in  one  or  two  cases,  made  to  a  parabolic  out- 
line. The  same,  or  nearly  the  same,  degree 
of  stiffness  is  required  in  the  shaping  machine 
as  in  the  slotting  machine,  though  the  latter 
possesses  the  advantage  of  tho  table  lieing  bedded 
on  the  foundation  of  the  machine. 

For  circular  shaping,  the  double-cone  spindle 
is  in  some  cases  fortified  by  a  bracket  from  the 
lower  part  of  the  bed,  which  is  essential  in 
heavy  cutting.  In  one  instance  an  alter- 
nate socket  is  provided  for  fixing  the  spindle 
at  a  different  elevation  to  receive  work  of  dif- 
ferent diameters. 

Slotting  Machines. — Slotting  machines  for 
vertical  cutting  are  the  equivalents  of  shaping 
machines  for  horizontal  cutting ;  but  they  arc 
necessarily  made  with  a  proportionally  greater 
overhang.  Acting  usually  upon  tho  shorter  di- 
mensions of  objects,  they  must  have  capacity  for 
receiving  them  in  their  longer  dimensions. 
They  are  therefore  usually  constructed  solidly, 
tho  base  and  the  frame  being  united  in 
ono  casting,  to  the  circuit  of  which  the  strain  is 
confined.  The  large  cranked-axle  Blotting  ma- 
chine of  Messrs.  Smith,  Beacock,  «fc  Tannett  has 
the  base  cast  separately,  and  bolted  against  the 
side  of  the  frame.  A  firmer  junction  would 
have  been  made  by  bolting  down  the  frame  upon 
the  base.  The  tables  of  slotting  machines  are 
placed  solidly  upon  the  base,  and  receive  the 
vertical  thrust  of  the  ram  without  leverage. 
The  feed  is  taken  off  in  two  modes, — by  hori- 
zontal and  by  vertical  cams  on  the  disc-shaft 
The  horizontal  cam  admits  of  a  compact  connec- 
tion— by  means  of  an  upright  rocking-shaft — to 
the  table ;  but  the  vertical  cam  affords,  with 
every  facility  for  adjustment,  the  most  simple 
and  direct  through  connection  for  the  feeds. 
Messrs.  Fairbairn  &  Ca's  slotting  machine  with 
a  vertical  cam  contains  an  example  of  a  simple, 
compact,  and  convenient  feed-motion, — in  few 
pieces,  out  of  the  way,  the  feeds  independently 
adjustable,  and  with  a  ratchet-motion  to  each. 

Tho  table  is  in  most  machines  fitted  with 
swivel-bearings,  to  admit  of  its  being  inclined  for 
angular  slotting.  It  is  sufficient  for  this  purpose 
that  the  table  should  be  made  to  swivel  upon 
the  shaft  of  the  worm  applied  for  the  circular 
feed. 

The  ram  works  vertically  between  adjustable 
bcvilled  slides,  where  it  is  subject  to  strains  of 
every  kind  in  every  direction.  It  is  of  prime 
importance  that  the  ram  should  be  guided  firmly 
in  a  path  truly  perpendicular  to  the  table,  and 
this  is  well  provided  for  in  the  new  continuous 
slide-bearing.  In  working  the  ram  from  the 
disc  behind  it  the  power  is  necessarily  appUed 
to  it  out  of  the  vertical  line  of  resistance  through 
the  point  of  the  cutter.  Of  course,  the  nearer 
it  is  the  less  is  the  obliquity  of  the  pull  on  the 
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nun,  and  the  better  it  is  for  the  slide  ;  but 
in  some  tool*  this  consideration  appears  to  have 
been  disregarded.  The  overhang  of  the  driving 
stud-pin  in  the  disc  affects  somewhat  similarly 
the  bearings  of  the  disc-shaft,  in  exciting  by 
leverage  a  frictional  strain  u]>on  them.  This 
strain,  though  it  does  not  by  the  wear  arising 
from  it  necessarily  affect  the  correctness  of  the 
work,  is,  in  a  few  of  the  machines,  counteracted 
by  applying  a  bearing  on  the  rim  of  the  disc  to 
oppose  the  upward  strain.  In  one  or  two  cases, 
the  bearing  is  made  with  means  of  adjustment 
for  wear,  which  is  the  most  serviceable  mode  of 
applying  it.  With  a  long  disc-shaft,  where  the 
cone  is  placed  upon  it  for  back-gear,  the  lever- 
age strain  is  of  little  moment 

Vertical  Drilling  and  Boring  Macltines. — The 
frame  of  the  vertical  drilling  machine,  like  that 
of  the  slotting  machine,  overhangs  the  work ;  but 
the  duties  are  lighter,  and  the  table,  instead  of 
being  solidly  bedded,  is  hung  laterally  from  the 
frame,  with  a  swivel  joint  to  throw  it  aside 
when  very  large  work  is.  brought  to  the 
machine.  The  system  of  applying  the  vertical 
slide  for  the  table  to  the  front  of  the  frame 
with  a  couple  of  pivot-bolts  to  swing  the  table 
is  simple  and  good.  It  combines  the  least  over- 
hang with  the  most  room  for  lurge  work  on  the 
table. 

The  application  of  conical  ly-adjustable  ljeariugs 
to  the  spindle  is  a  refinement  of  recent  introduc- 
tion for  keeping  the  spindle  truly  central  and 
vertical,  in  taking  up  the  slackness  by  wear. 
The  vertical  feed  by  screw  is  very  well  worked 
out  in  one  machine  where  the  screw  is 
steadily  held  in  double  bearings  above  and 
below  the  nut  The  screw-feed  steadily  sustains 
the  spindle  without  vertical  play  ;  and  as  the 
purchase  of  the  feed  lies  chiefly  in  the  screw,  the 
gearing  for  working  it  is  not  so  heavily  strained 
nor  so  liable  to  fracture  as  in  the  rack-feed. 

The  frictional-gear  drilling  machine  is  an 
ingenious  and  convenient  combination  of  four 
drills  of  graduated  sizes,  suitable  for  small 
work  Frictional  gear  absorbs  a  good  deal  of 
power,  but  for  a  machine  of  small  dimensions 
this  is  not  a  material  objection. 

Radial  Drilling  Machines. — By  the  method 
of  hanging  the  jib  and  jib-bracket,  by  causing 
the  bracket  to  embrace  a  round  central  column 
the  resisting  stiffness  of  the  standard  is  of  course 
the  same  for  any  position  of  the  jib  ;  but  as  the 
movable  part*  are  necessarily  overhung  to  a 
greater  extent  when  made  to  revolve  on  the 
column  as  a  pivot  than  when  hung  upon  one 
side  of  the  column  the  connections  require  to 
be  made  considerably  stronger  in  the  former 
case,  to  insure  the  same  degree  of  stiffness  as 
in  the  latter,  with  an  equal  extent  of  range 
radially  ;  for,  in  explanation,  it  may  be  stated 
tliat  the  unavoidable  expansion  of  the  base 
of  the  column  in  the  former  case,  to  afford  a 


firm  connection  with  the  base-plate,  prevents 
the  work  from  being  placed  near  enough 
to  the  column  to  utilise  the  horizontal  slide- 
space  which  is  saved  in  the  jib  by  hanging 
it  directly  upon  the  column.  Moreover,  the 
laterally-hung  jib-bracket  being  lighter,  and 
being  hung  on  pivots  or  bearings  of  smaller 
diameter  than  those  of  the  other — hung  upon 
the  column — is  more  easily  manipulated. 

The  standard  with  the  lateral  attachment, 
when  cast  hollow  and  circularly,  is  practically 
of  the  same  stiffness  in  any  ]>osition  of  the  jib. 

With  the  telescopic  driving-shaft  for  the  jib 
a  more  compact  and  simpler  system  of  gear  may 
be  employed  than  with  the  straight  thorough 
shaft ;  but  in  either  case  the  overhanging  and 
exposed  sliding-shafts  employed  in  one  of  the 
machines  may  be  avoided. 

A  self-acting  appliance  for  raising  and  lower- 
ing the  jib  by  power  is  useful ;  in  this,  a  con- 
tinuous motion  is  more  expeditious  than  an 
intermittent  motion. 

Traversing  or  Slot-drilling  Machines. — The 
traversing  of  the  drill  in  equal  stages  by  uniform 
feed  cannot  be  effected  without  the  intervention 
of  gearing.  A  pair  of  elliptical  toothed  wheels 
or  an  elliptical  and  an  eccentric  circular- wheel 
gearing  together,  give  a  nearly  uniform  traverse ; 
and  of  the  two,  the  traverse  by  the  former  is 
probably  the  more  nearly  uuiform  ;  but  it  ap- 
I>ears  to  require  the  aid  of  a  couple  of  cam-guides 
I  to  retain  the  elliptical  forms  in  gear.  By  means 
I  of  the  uniform  feed,  compared  with  the  variable 
feed  from  an  ordinary  crank-motion,  more  work 
may  bo  done  in  the  same  time 

The  greatest  difficulty  with  machines  of  this 
kind  is  to  keep  the  drill  steady  and  inflexible- 
free  from  vibration — in  cutting  deep  mortises. 
This  object  is  sought  to  be  accomplished  in  one 
case,  by  staying  the  drill-spindle  in  a  stout 
octagonal  slide,  which  descends  with  it,  and  ex- 
poses  only  so  much  of  the  spindle  as  is  needful 
for  executing  the  work.  In  a  second  plan 
two  shorter  drills  are  applied  from  the  opposite 
sides  to  cut  out  the  slot,  meeting  in  the  middle 
of  it  by  which  not  only  greater  stiffness  than 
in  any  form  of  single  drill  is  obtained,  but 
also  twice  the  quautity  of  work  by  double 
action  in  the  same  time.  The  rate  of  pro- 
duction is  understood,  in  practice,  to  be  some- 
thing more  than  double  that  of  a  single  drill,  as 
the  double  drills,  being  shorter  and  stiffer,  may 
be  driven  faster  than  the  single  drills.  The 
double  drills  are  driven  direct  by  means  of  cone- 
pulleys  on  the  spindles,  which  are  horizontal. 

The  work  done  by  the  double  drill  is  correct 
and  smooth,  and  is  turned  out  finished  from  the 
machine,  without  the  aid  of  the  rosebit  for  re- 
moving inequalities,  such  as  arise  in  the  work 
done  by  tho  single  drill. 

Circular  Cutters. — The  chief  objection  to  the 
use  of  circular  cutters  for  cutting  metal  has 
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been  the  unsatisfactory  manner  and  the  great  cost 
of  making  them  ;  bnt  this  objection  is  being 
overcome,  as  no  greater  mechanical  difficulty 
has  been  found  in  constructing  machinery  for 
the  purpose  of  forming  the  cutter  than  for  cut- 
ting the  teeth  of  wheels.  Take,  for  example, 
Messrs.  Fairbairn  &  Co.'s  pantograph  cutter- 
forming  machine,  by  means  of  which  the  teeth 
of  the  cutter  are  both  divided  and  completely 
formed.  It  is  true  that  machines  employing 
revolving  cutters  have  long  been  used  for  some 
purposes,  but  they  have  generally  been  confined 
to  a  class  of  work  where  single-pointed  cutting- 
tools  would  be  inapplicable.  In  a  few  instances, 
shaping  machines  with  circular  cutters  have 
been  used  for  finishing  the  surfaces  of  machinery 
with  marked  success,  doing,  to  tho  extent  of 
their  capacity,  three  times  the  work  of  a  planing 
machine,  self-acting,  requiring  little  manage- 
ment, and  working  six  months  without  sharpen- 
ing. The  work  turned  off  by  properly-made 
circular  cutters  is  very  superior,  esjjecially  for 
intricate  forms ;  and,  when  frequently  re]>eated, 
it  reduces  the  skilled  lalxmr  and  the  cost  of 
production. 

Screwing  Machines. — The  conical  dies  are 
efficient  for  the  purjtose  of  screwing  bolts  with 
a  good  thread  in  one  cut,  truly,  easily,  and 
rapidly,  without  unnecessarily  straining  or 
squeezing  the  metal.  The  pitch  of  the  screw 
to  be  cut  being,  on  this  system,  correctly  started 
from  dies  of  the  samo  diameter,  the  dies  progress 
naturally  in  the  formation  of  the  screw  without 
the  risk  of  elongating  tho  bolt ;  and  any  number 
of  screws  may  thus  be  cut  identical  in  form  and 
dimensions. 

On  the  same  excellent  principle  the  chasing 
lathe  is  designed  ;  it  turns  out  good  and 
sujierior  work,  like  the  work  of  a  screw-cutting 
lathe  rather  than  that  of  a  screwing  macliine. 
For  cutting  angular-threaded  screws,  the  chasing 
lathe  will  do  much  more  work  than  the  screw- 
cutting  lathe  ;  but  as  each  bolt  must  be  centred 
and  suspended,  it  cannot  be  expected  to  rival 
in  quantity  of  production  tho  best  forms  of 
screwing  machines. 

Steam- Hammers.  —  The  application  of  the 
principle  of  double  action  to  steam-hammers,  in 
which  steam  is  admitted  to  the  upper  side  of 
the  piston,  to  accelerate  the  fall  of  the  hammer 
and  increase  the  number  and  force  of  the  blows, 
has  considerably  increased  the  efficiency,  and  en- 
hanced the  value,  of  the  steam-hammer.  The 
credit  of  introducing  the  double-acting  hammer 
is  generally  conceded  to  Mr.  William  Naylor, 
whose  hammers  were  exhibited  by  the  Kirkstall 
Forge  Company.  The  principle  was  first  an- 
nounced by  the  late  Mr.  Condie,  who,  in  hin 
patent  of  1 84  fi.  specified  the  admitting  of  steam 
under  the  piston  of  this  moving  cylinder,  to  in- 
crease the  force  of  the  blow  ;  but  it  was  left  for 
Mr.  A.  C.  Wylie,  his  successor,  to  work  it  out 


in  moving-cylinder  hammers,  examples  of  which 
were  exhibited  by  him,  though  not  until  after 
Mr.  Naylor  had  applied  it  to  the  ordinary 
liammer. 

The  "  moving-cylinder"  hammer,  invented  by 
tho  late  Mr.  John  Condie,  and  exhibited  by  Mr. 
Wylie,  is  an  important  modification  of  the  steam- 
hammer  as  originated  by  Mr.  Nasmyth,  and  vari- 
ously exhibited.*  The  breakage  of  the  piston-rods 
of  ordinary  hammers,  particularly  when  working 
by  double  action,  has  been  a  frequent  source  of 
trouble,  and  several  constructors  have  for  that 
reason  gradually  enlarged  the  rods,  and  forged 
them  in  one  piece  with  the  piston — arriving 
practically  at  an  elongated  hammer,  further  ex- 
tended by  Messrs.  Morrison  dc  Co.,  through  a 
stuffing-box  in  the  top  of  the  cylinder.  But,  in- 
dependently of  the  liability  to  new  kinds  of  dis- 
turbance, arising  from  the  great  length  of  the 
hammer-piece,  the  elevated  centre  of  gravity, 
and  the  liability  to  vibration,  particularly  when 
the  lower  jwrtion  is  not  guided,  tho  elongated 
hammer  is  imperfectly  adapted  for  irregular 
forging,  in  which  dies  are  employed,  with  oblique 
action  and  side  blows.  For  this  purjwse  the 
moving  cylinder,  in  a  broad  mass,  with  a  low 
centre  of  gravity,  and  thoroughly  guided,  lias 
proved  very  efficient  and  durable. 

The  balanced  or  equilibrium-valve,  in  some 
hammers,  is  a  good  feature ;  it  is,  in  fact,  indis- 
jwnsable  for  the  production  of  fine  work  by 
hand,  for  which  prompt  and  lively  action  of  tho 
valve  is  needful. 

In  the  self-acting  hammers  of  Nasmyth,  and 
Naylor,  and  Condie,  worked  by  means  of  the 
kicker-bar,  or  swing-weight,  steam  is  not  ad- 
mitted for  lifting  the  hammer  until  the  force  of 
the  blow  is  expended  upon  the  metal. 

Attempt*  have  been  made  to  prevent  the 
entrance  of  any  steam  below  the  piston  until 
the  blow  is  struck,  without  the  use  of  the  swing- 
lever  or  "  kicker-bar."  This  was  only  effected 
with  the  steam -wrought  piston -valve  in  Joy  a 
hammer,  exhibited  by  Messrs.  Carrett,  Marshall, 
k  Co.  This  hammer  is  ingeniously  detailed,  and 
it  is  said  to  be  susceptible  of  the  most  exact 
regulation. 

The  application  of  hydraulic  pressure  for 
forging  or  moulding  iron  into  particular  forma, 
introduced  by  Mr.  Haswell,  is  likely  to  be  use- 
fully available  for  many  purjioses. 

Punching,  Shearing,  awl  Riveting  Machines. — - 
By  the  application  of  the  oblique  shears  in  the 
ordinary  forms  of  shearing  machines,  bars  may  be 

•  An  erratum  has  crept  into  the  description  of 
Condie' s  Double-acting  Hammers  (page  202),  disco- 
vered since  it  was  printed  off.  They  are  not  singl*- 
acting,  as  erroneously  described,  but  double-acting,  with 
means  of  diminishing  tho  force  of  tho  blow,  or  even  to 
prevent  tho  hammer  touching  tho  anvil.  Tito  admis- 
sion of  air  into  the  cylinder  does  not  occur  when  the 
hammers  aro  worked  by  double  action.  The  valves, 
also,  aro  not  necessarily  uwked  by  hand,  but  arc  fitted 
%v  1 1 li  self* ucti 


Digitized  by  Google 


WOOD-WORKDTG  MACHINES  EXHIBITED  BY  MESSRS.  S.  WORSSAM  A,  CO.  211 


conveniently  cut  off  to  any  length.  But  the 
rocking-lever  punching  and  Hhearing  machine  of 
Messrs.  De  Bergue  &  Co.  is  the  most  simple  and 
convenient  for  working  at,  and  is  likely  to  prove 
the  most  durable.  It  is  }*rtially  a  reversion  to 
the  old  lever  punching  machine  ;  but  it  and  all 
the  other  forms  of  punching  machine  exhibited, 
wanted  the  best  feature  in  the  old  lever  form — 
the  cam-motion  for  the  quick  return. 

The  steam-riveting  machine  of  Messrs.  Cook 
Jc  Co.  is  very  simple  and  compact,  very  ready, 
and  very  efficient.    Worked  by  hand,  it  may  be  I 


employed  without  the  loss  of  time  attendant 
upon  self-acting  machines  closing  at  regular 
intervals,  without  regard  to  the  exigencies  of 
the  work.  It  differs  from  Oarforth's  direct- 
action  machines,  exhibited  in  1851,  in  the  inter- 
vention of  a  lever  between  the  piston  or  trunk 
and  the  heading-die  ;  which  incurs,  no  doubt,  a 
greater  number  of  wearing  parts,  but,  on  the 
contrary,  facilitates  the  accumulation  of  mo- 
mentum in  the  moving  ]>art»  for  the  final  blow, 
which  is  important  for  the  purpose  of  forming 
a  rivet-head. 


SECTION  II. 
MACHINES  FOR  WORKING  IN  WOOD. 


CHAPTER  L 

INTRODUCTION". 

Wood-working  machinery  has  made  great 
progress  during  the  last  ten  years.  In  1851, 
machines  of  this  class  were  exhibited  chiefly, 
if  not  solely,  by  Mr.  Furness,  of  Liveqiool,  con- 
structed by  Messrs.  Fay  &  Co.,  of  Cincinnati, 
with  wooden  framing,  in  the  style  of  the  "  labour- 
saving"  machines  of  the  United  States.  In  1 8G2, 
several  collections  of  wood-working  machinery 
were  exhibited,  chiefly  English,  made  with 
strong  iron  framing,  and  with  several  novel 
applications.  The  method  of  the  model,  or  the 
"former  and  tracer"  for  copying  and  shaping 
irregular  forms  in  wood,  fac-similes  of  metallic  or 
wooden  models,  derived  probably  in  the  first 
instance  from  the  United  States,  has  l>een 
variously  and  successfully  employed  for  working 
in  wood  as  well  as  in  iron.  Several  ingenious 
adaptations  of  the  principle  were  exhibited  by 
Messrs.  Greenwood  &,  Batley,  one  by  Messrs. 
Cox  <fc  Son,  and  one  by  Messrs.  Bernier  Jc-  Arbey, 
of  Paris. 

Several  band-saws — a  comparatively  novel 
clasH  of  machines — were  exhibited  in  action. 
M.  Perin,  of  Paris,  invented,  and  was  the  first  who 
brought  these  serviceable  machines  into  practical 
use  ;  and  their  introduction  into  general  use  in 
England  is  due  to  General  Tulloch,  lately  Director 
of  the  Royal  Carriage  Department  at  Woolwich 
Arsenal,  who,  with  the  heads  of  the  various 
departments  at  the  Arsenal,  made  a  visit  of 
inspection  to  the  Paris  Exhibition  of  1855,  and 
purchased  and  brought  over  an  ordinary  band-saw 
exhibited  at  work  by  M.  Perin.  It  became  a 
favourite  machine,  performing  wonderful  feats  of 
sawing,  and  superseding  the  vertical  whip  saw. 
Other  band-saw  machiues  of  more  substantial 
construction  were  ordered,  suitable  for  tho 
various  requirements  of  tho  establishment,  and 


new  applications  of  them  were  made,  with  suc- 
cess. The  example  set  at  Woolwich  was  quickly 
followed  at  other  wood-working  establishments 
in  various  parts  of  the  country,  and  hundreds  of 
Itand-saws  were  quickly  at  work.  The  band- 
saw  exhibited  in  action  by  M.  Perin,  iu  1862, 
became  celebrated  for  the  beauty  and  delicacy  of 
I  the  work  executed  by  it — intricate  monograms, 
involved  tracery,  and  the  like.  A  band-saw 
exhibited  by  Messrs.  Worssam  Jc  Co.  was  kept 
steadily  at  work  in  sawing  up  specimens  of  wood 
to  exactly  identical  dimensions,  for  purposes  of 
experiment  at  the  Department  of  Science  and 
Art. 


CHAPTER  II. 

WOOD-WORKING  MACHINES  EXHIBITED  BY  MESSRS. 
S.  WORSSAM  AND  CO.,  LONDON. 

Messrs.  Worssam  it  Co.  exhibited  a  series  of 
tools  for  working  wood,  in  which  great  strength 
is  combined  with  good,  solid  workmanship. 

1.  Portable  Deal- Frame. — This  frame  is  de- 
signed chiefly  for  builders'  and  contractors'  use, 
and  will  cut  two  deals  1 4  inches  deep  by  4  inches 
thick  and  24  feet  long,  into  thin  boards.  It  is 
fitted  for  ten  upright  saws,  which  are  fixed  in  a 
frame  driven  from  below.  Tho  whole  of  the 
working  parts  are  placed  on  a  single  cast-iron 
Imseplate.  The  connecting-rod  is  worked  from 
a  single  crank,  and  is  IoojkxI  to  clear  the  rack, 
which  passes  through  it,  and  it  is  attached  to 
the  swing-frame  at  the  top.  Thus,  the  conuect- 
ing-rod  can  bo  had  of  sufficient  length  without 
requiring  the  crank-shaft  to  be  placed  under- 
ground.    Tho  "silent  feed,"  patented  by  the 
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exhibitors,  is  a  good  and  simplo  arrangement  the  feed.     By  this  means,  as  the  paul  bites 

to  supersede  the  usual  ratchet-wheel,  and  con-  anywhere,  the  rate  of  advance  of  the  timber 

Bista  of  a  grooved  wheel,  into  which  a  friction-  may  be  regulated  according  to  its  depth  with 

quadrant  or  paul  on  the  end  of  a  lever  is  any  degree  of  nicety,  and  the  feed  works  with- 

dropped,  and  bites,  to  give  the  advance  for  |  out  noise.    An  air-cylinder,  or  more  correctly 

Flos.  I  S3. 


PouTiBi-i  Diil-Fsamk,  by  Mean.  Wuriua  4  Co.,  London. 


a  vacuum-cylinder,  is  applied  at  the  top  of  the  With  the  descent  of  the  frame,  and  the  piston 

fixed  frame,  for  the  purjK*se  <>f  balancing  the  with  it,  a  vacuum  is  formed  on  the  upper  side  of 

weight  of  the  swing- frame,  to  which  a  piston,  the  piston,  and  tho  resistance  of  the  atmosphere 

accurately  fitting  the  cylinder,  is  connected,  on  the  lower  side  balances  the  weight  of  the 
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moving  frame.  A  valve  on  the  upper  side  of 
the  cylinder,  opening  outwards,  seta  liree  any  air 
that  may  leak  above  the  piston.  There  is  no 
doubt  that  the  vacuum-cylinder  is  in  the  proper 
position  for  making  a  correct  balance,  and,  assum- 
ing that  it  can  be  easily  kept  in  good  order,  it  is 
better  than  the  counterweighted  fly-wheel.  Tho 
deal-frame  makes  250  strokes  or  cuts  jicr  minute, 
and  the  rate  of  feed  is  variable  from  9  inches  to 
2  feet  per  minute,  according  to  tho  number  of 
saws  in  use.  With  an  average  number  of  saws, 
it  is  said  to  bo  capable  of  cutting  100  deals, 
12  feet  long,  per  day.  The  lateral  pressure- 
rollers  are  retained  by  means  of  laminated 
springs,  which  arc  steadier  and  more  compact  for 
that  purpose  than  dead  weights  (tigs.  183). 

2.  Band-Saw. — This  machine  is  adapted  for 
cutting  out  wood,  up  to  1 2  inches  deep,  in  curves 
or  sweeps  of  every  variety.  The  endless  Raw 
works  over  a  pair  of  pulleys  30  inches  in  dia- 
meter, making  400  revolutions  per  minute.  The 

Fio.  1M. 


Bajtd-Baw,  by  Mom*.  Wonun  A  Co, 

pulleys  ore  accurately  turned  and  lmlanced,  and 
are  covered  with  leather,  upon  which  the  saw 
works  smoothly,  the  upper  pulley  being  adjusted 
by  means  of  a  lever  and  screw,  for  keeping  the 
saw  at  a  uniform  tension.  The  table  is  made 
to  cant  either  way,  so  as  to  cut  the  wood  at  any 


angle,  and  the  saw  runs  between  packing-boxes, 
with  screws  for  adjusting  the  packing,  to  steady 
the  saw,  and  keep  it  to  its  work  (fig.  184). 

3.  Tlte  General  Joiner. — This  novel  machino 
is  so  called  on  account  of  the  considerable  variety 
of  joiners'  work  which  can  lx$  executed  by  it,  as 
sawing,  grooving,  tongueing,  rabbeting,  tenoning, 
moulding,  boring,  cross-cutting,  and  squaring  off. 
The  work  is  done  by  means  of  a  circular  saw 
and  an  auger  fixed  on  a  horizontal  spindle,  one 
at  each  end.  The  saw  is  1 5  inches  in  diameter, 
and  cuts  6  inches  deep ;  the  augers,  which  are 
changeable,  bore  up  to  a  2- inch  hole.  Tho 
spindle  is  at  a  fixed  level,  and  the  usual  speed 
is  1600  turns  per  minute.  The  tables  or 
benches,  of  which  there  are  two,  one  for  the 
saw  and  one  for  the  auger,  ore  levelled  inde- 
pendently of  each  othor,  to  suit  tho  work.  The 
whole  machine  stands  upon  one  baseplate  (figs. 
18.1),  page  214). 

The  table  is  capable  of  taking  in  a  1 6-inch  saw, 
and  is  worked  with  a  rising  and  falling 
motion  for  grooving,  tongueing,  and  rab- 
beting. It  is  also  fitted  with  a  light 
cast-iron  slide-plate,  working  in  a  groove, 
for  cross-cutting,  squaring,  cutting  the 
shoulders  of  tenons,  and  such  work. 
Grooves  are  formed  by  means  of  a 
u  drunken  saw  "  on  the  spindle,  that  is, 
a  thin  blade  set  on  the  spindle,  out  of 
tnith,  in  place  of  a  thick  saw,  so  as, 
when  revolved,  to  cut  a  groove  of  the 
required  width.  Beads  or  mouldings  on 
window-frames  may  bo  cut  by  moulding- 
"  irons"  fixed  on  a  small  cutter- block. 
The  spindle  is  bored  up  at  one  end  to 
take  tho  augers.  A  simple  arrangement 
is  provided  for  cutting  wedges  for  joiners' 
work,  easily  and  with  expedition.  Tho 
various  auxiliary  parts  of  the  general 
joiner  may  be  briefly  enumerated :  — 
1.  The  fence  on  the  saw- bench,  which 
may  he  slewed  to  any  angle,  for  working 
stuff  on  tho  bevel ;  2.  The  small  sliding 
table  on  the  saw-l>ench,  to  carry  work 
over  the  saw  ;  3.  The  tenoning  cradle 
or  cramp,  which  slides  on  the  fence  to 
hold  work  up  to  eight  inches  square, 
for  tenoning,  «kc.  ;  4.  The  wedge-cutting 
plate,  with  a  spring  pad  ;  5.  An  extra 
flat  to  insert  in  the  table,  with  mould- 
ing blocks  for  moulding,  sawing,  and 
grooving. 

The  auger-l>oring  bench  has  three  move- 
ments of  adjustment* — vertical,  horizon- 
tal, and  circular. 
The  novelty  of  this  machine  consists  in  the 
variety  of  simple  appliances,  which,  combined 
with  a  circular  saw-bench,  make  a  machine  cap- 
able of  jwrforming  almost  every  operation  re- 
quired by  a  joiner. 

4.  RoUer-Planing  Machine. — This  machine  is 
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Gesekal  JotaEB,  by  Messrs.  WoMMNH  A  Co. 


of  unusually  large  size,  adapted  for  planing, 
grooving,  tongueing,  edging,  and  thicknessing,  at 
one  operation,  boards  or  planks  up  to  1 5  inches 
■wide  by  G  inches  thick,  and  is  chiefly  useful  to 
large  workers  in  wood.  It  has  one  speed — 50  feet 
per  minute.  There  arc  two  jwiirs  of  large  feed- 
rollers,  2  feet  in  diameter,  turned  with  a  smooth 
surface.  They  are  made  unusually  large,  in 
order  to  get  a  good  grip  or  hold  by  adhesion  on 
the  wood ; — the  first  jwiir  to  drag  it  forward,  and 
the  second  to  pull  it  out.  The  upper  rollers  are 
placed  considerably  apart  in  a  frame,  and  they 
are  loaded  for  adhesion  by  means  of  four  weighted 
levers.  All  the  rollers  are  driven  by  gearing  to 
give  the  feed,  and  consequently  they  all  exert  a 
propelling  force.  A  good  deal  of  heavy  spur- 
gcaring  is  employed  for  the  purpose. 

A  cast-iron  planed  straight-edge  is  fixed  on 
the  table  at  one  side,  to  guide  the  material.  The 
timtar  is  cut  on  the  four  sides  by  cutters,  placed 
successively  below,  at  the  sides,  and  above.  The 
under  cutters  are  placed  between  the  first  and 
second  pairs  of  feed-rollers,  and  consist  of  a  re- 
volving under  cutter,  to  adze  or  dress,  and  level 
the  lower  side  of  the  timber,  followed  by  two 
plane-irons  fixed  at  an  angle  of  45°.  The 
material  is  held  down  over  these  cutters  by 
weighted  rollers,  with  bearings  on  the  feed-roller 
frame.  The  under  cutters  are  fitted  into  planed 
cast-iron  drawers,  which  can  be  taken  out  side- 
ways from  the  table  when  required,  and  replaced, 
without  stopping  the  machines.  A  third  plane- 
iron  can  be  substituted  for  the  revolving-cutter. 

Beyond  the  second  j>air  of  guide-rollers,  the 
side  cutters  and  the  upper  cutter — revolving 
cutters — are  applied  in  succession.  A  guard- 
plate  is  applied  across  the  table  behind  the  side 
cutters,  and  is  serviceable  in  preventing  chips 
from  the  side  cutters  from  entering  tho  machine. 
The  revolving  cutters  run  at  tho  same  speed, 
nuiking  3,500  revolutions  per  minute  (fig.  186). 

Tho  chief  novelty  in  this  machine  consists  in 
the  unusually  large  size  of  the  smooth  feed-rollers, 
of  which  there  are  ouly  two  ]>airs,  but  which,  on 
account  of  their  large  size,  can,  it  is  said,  propel 


and  feed  the  boards  through  the  machine  as  easily 
as  six  pairs  of  rollers  of  the  ordinary  size.  The 
advantage  claimed  for  this  arrangement  is,  that 
this  machine  may  t>o  made  considerably  shorter 
that  it  can  otherwise  be  made  (with  smooth 
rollers) ;  and  that  twisted  boards,  being  thus 
confined  for  a  comparatively  small  portion  of 
their  length,  in  passing  through  the  machine, 
are  planed  and  reduced  to  an  uniform  width  and 
thickness  throughout,  with  the  least  possible 
proportion  of  waste.  The  introduction  of  the 
revolving  cutter  for  roughly  planing  the  bottom 
side  of  uneven  boards  before  being  acted  upon 
by  the  two  fixed  plane-irons,  is  also  a  novelty. 

5.  Small  Moulding  Machine. — This  machine 
is  designed  to  work  on  throe  sides,  and  to  cut 
mouldings  up  to  6  inches  by  3  inches,  or  two 
mouldings  3  inches  wide.  In  this,  as  in  the 
previous  machine,  there  are  two  pairs  of  feeding- 
rollers,  pressed  by  a  weighted  lever,  between 
which  the  under  cutter  revolves.  The  side 
cutter  is  in  advance,  and  the  upj>er  cutter  fol- 
lows last  The  feed  varies  from  12  to  24  feet 
per  minute  (fig.  187,  page  216). 

6.  Mortising  Machine. — This  ingenious  ma- 
chine is  adapted  for  any  kind  of  wood,  and  is 
jieculiarly  suitable  for  railway-carriage  and 
waggon  building.  It  is  designed  for  cutting 
mortises  of  from  \  inch  to  2  inches  wide.  The 
novelty  consists  in  the  use  of  a  square  hollow 
chisel  with  four  cutting  edges,  and  an  auger  inside 
the  chisel.  The  \wint  of  the  auger  projects  slightly 
below  the  edges  of  the  chisel,  and  seizes  the  wood 
in  advance,  whilst  tho  auger  revolves  and  bores 
a  round  hole.  The  chisel  follows,  and  simul- 
taneously cuts  out  and  squares  the  corners  and 
sides,  thus  completing  a  square  hole.  By  cut- 
ting a  succession  of  square  holes  running  into 
each  other,  mortises  of  any  length  may  be  formed. 
In  the  sides  of  the  chisel  long  slot-holes  are  cut, 
tlxrough  which  the  chips  made  by  the  auger  are 
exjx'lled,  that  the  cutter  may  by  this  means  keep 
itself  clear  while  at  work,  and  remove  its  own 
core. 
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By  a  self-acting  mechanism  the 
cutter  is  brought  down  to  the 
work,  and  it  will  cut  a  mortise 
4  inches  deep,  or,  from  two 
opposite  sides  together,  8  inches 
deep.  Tho  feed  is  effected  by 
means  of  friction-wheels,  of  which 
there  are  two  sets,  one  for  tho 
feed  downwards,  driven  by  a 
cross  gut-band,  the  other  for 
drawing  up  the  cutter  at  about 
three  times  the  descending  speed, 
driven  by  an  ojkjii  lxmd.  The 
driving  friction-wheels  are  hung 
upon  the  ends  of  a  shaft,  which 
are  eccentric  to  the  shaft,  and  by 
means  of  a  hand-lever  one  or 
other  friction-wheel  is  brought 
into  gear  for  the  downward  or 
the  upward  motion. 

Tho  table  is  made  with  three 
adjusting  movements,  horizon- 
tally and  vertically,  and  is  made 
to  cant  at  any  angle  for  working 
bevel  mortises.  A  simple  ar- 
rangement is  applicable  for  mor- 
tising wheel-naves,  with  the  al- 
ternate splay  required  for  the 
spokes,  in  which  a  dividing-plate 
is  employed  to  set  out  the  dis- 
tances on  the  circumference  (figs. 
188,  page  216). 


7.  Doiibfe-Tenoniny  Machine. 
— This  machine  is  adapted  for 
cutting  double  tenons  in  hard 
or  soft  wood,  in  scantlings  up 
to  6  inches  thick  and  15  inches 
wide.  It  is  provided  with  two 
revolving  cutters,  one  above  and 
one  below,  to  form  the  outer 
surfaces  of  the  tenons,  and  a 
"  dmnken  "  or  oblique  saw  on 
an  upright  spindle,  to  cut  out 
the  interspace  and  form  the 
inner  surfaces  of  the  tenons. 
The  work  is  fixed  on  a  sliding 
table,  on  which  it  is  traversed 
successively  across  the  revolving 
cutters  and  the  saw.  The  table 
is  steadied  by  a  check-feather 
formed  on  the  side  next  the 
cutters,  which  slides  in  a  groove 
in  the  bed.  The  upper  adze  or 
cutter-block  is  made  to  shift  on 
the  spindle,  the  lower  one  being 
stationary,  for  cutting  tenons 
differing  in  length  in  the  same 
scantling,  and  the  table  is  fitted 

with  spring-Ktops  as  guides  for  tho  length  of  the 
tenon,  suj>erseding  the  process  of  setting  out  by 
hand  (fig.  189,  page  216). 

8.  Cylindrical  Gouges. — These   gouges,  on 


Wilson's  patent,  are  intended  to  supersede  tho 
ordinary  gouges  used  iu  machines  for  surfacing 
and  squaring-up  timber.  They  consist  of  cylin- 
ders of  cast  steel,  turned  cylindrieally,  and  bored 
conioally.    The  lower  edge  is  chamfered  on  tho 
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outer  Bide,  to  form  a  cutting 
edge  on  the  inner  circum- 
ference all  round.  The 
gouges  arc  placed  at  an  angle 
in  the  circular  disc,  and  the 
chips  escape  through  the 
centre  of  the  gouges,  which 
are  widened  at  the  upper  end 
for  their  free  escape.  When 
the  gouge  becomes  blunt  at 
the  portion  of  the  edge 
which  is  in  action,  or  should 
it  strike  upon  a  nail,  it  may 
readily  1x5  turned  in  its 
socket  to  present  a  fresh 
cutting  edge. 
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WOOD  -  WORKING 
MESSRS. 


MACHINES 


EXHIBITED 
POWIS,  JAMBS,  AND  CO.,  LONDON 


BY 


Messrs.  Powis  &  Co.  exhibited  an  assortment 
of  machines  of  excellent  workmanship,  and 
combining  a  considerable  degree  of  originality 
with  efficiency. 


1.  Combined  Timber  and  Deal- Frame. — This 
machine  is  adapted  for  cutting  timber,  either 
hard  or  soft,  up  to  26  inches  deep  and  24  inches 
wide,  or  deals  26  inches  by  7  inches.  The  com- 
bination of  these  functions  constitutes  the  novelty. 
The  machine  will  take  twenty-four  saws,  one 
inch  apart,  for  cutting  |-inch  flitches ;  but  it 
was  exhibited  us  a  deal-frame.  The  timber  is 
advanced  by  means  of  two  fluted  feed-rollers, 


Omma  Tiudiii        Dkil-Fe**,,  by  Me»«.  Pom..  Jim,.,  4  Co.,  LonJ.m. 


and  is  kept  steady  by  means  of  universal-jointed 
pressure-rollers  at  the  sides  and  top,  acted  on  by 
springs  to  suit  inequalities  of  the  surface.  The 
frame  may  be  driven  from  above  at  1 40  revolu- 
tions per  minute,  or  from  below  at  190  revolu- 
tions, by  simply  reversing  the  connections.  The 
crossheads  of  the  swing-frame  are  of  steel,  and 
the  slides  move  in  and  are  steadied  by  grooves. 
The  swing-frame  is  conterbalanced  by  two  fly- 
wheels, proj>erly  cored  out,  or  hollowed,  at  one 
side,  from  which  side  rods  are  connected  to  the 
swing-frame  at  the  middle  of  its  height,  which 
is  the  best  point  for  connection  (fig.  190). 

2.  Band-Saws.— Two  band-saws  were  exhibited; 
the  first,  or  smallest,  had  24-inch  pulleys,  making 
385  turns  per  minute;  the  second  had  40-inch 
pulleys,  making  360  turns  per  minute.  The 
bearing  of  the  upper  pulley  is  adjustable  verti- 
cally, controlled  by  a  spring,  the  tension  upon 
which,  and  through  it  upon  the  saw,  is  adjustable. 
As  the  saw  contracts  or  expands  by  variations 
of  temperature,  the  spring  gives  or  takes,  and 
the  tension  is  rendered  practically  uniform.  The 
use  of  the  elastic  bearing  prevents  breakage,  as 
well  as  slipping  of  saws.  The  spring  is  a  com- 
pound of  steel  and  India-rubber,  and  though 
one  material  may  fail  the  other  continues  in 
action.  The  table  may  be  set  at  any  angle  for 
bevelled  work.    The  frame  of  the  machine  is  a 
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hollow  casting ;  it  is  strong  enough,  hut  un- 
graceful, and  ia  to  he  accepted  aa  an  introduc- 
tion of  the  hollow-casting  system  of  frame  into 
wood-working  machinery  (fig.  191,  page  217). 

3.  Platting  Mrtchine. — This  a  simple  ami 
compact  machine.  It  planes  wood  of  iiny  siz»' 
tip  to  12  inches  wide  by  4^  inches  thick.  It 
feeds  by  means  of  two  pairs  of  rollers,  8  inches 
in  diameter,  placed  near  together  at  the  entrance 
of  the  machine,  of  which  the  lower  rollers  are 
smooth  and  the  upper  ones  are  fluted,  to  increase 
the  bite  without  applying  excessive  pressure. 
The  weighting  of  the  rollers  is  effected  in  a 


simple  manner,  by  means  of  a  single  weighted 
lever,  with  equilibrium-beams  to  distribute  the 
pressure  equally  on  the  rollers.  The  upj>er  feed- 
rollers  oidy  are  driven,  and  from  a  four-sj>eed 
coue  on  a  transverse  aliaft  at  the  end  of  the 
machine  through  throe  pairs  of  bevel  wheels. 

The  wood  passes,  first,  over  the  under  revolving 
cutter  to  level  the  lower  side  of  the  wood,  then 
]>ast  the  side  cutters,  then  tinder  the  up]*er  cutter, 
and  finally  over  a  planing  iron  to  finish  the 
lower  suiface.  The  cutters  are  forged  solid 
on  the  spindles.  A  disengaging  clutch  ia  applied, 
worked  by  hand,  by  which  the  feed  may  be 
instantly  stopped  if  desired  (fig.  192). 
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In  some  recently-made  machines  the 
exhibitors  have,  for  the  purpose  of  in- 
creasing the  bite  and  preventing  slipping, 
applied  gearing  to  turn  the  lower  rollers, 
and  have  enlarged  the  upper  rollers  to 
1 1  inches  in  diameter. 

4.  Moulding  Machine. — This  machine 
is  designed  for  moulding,  thicknessing, 
and  squaring-up,  and  takes  in  wood  up 
to  9  inches  square.  It  is  fitted  with 
top  and  l*>ttom  cutters  only,  which  are 
overhung  at  one  Bide  ;  the  upjier  or 
moulding  cutters  first  in  order,  the 
lower  one,  for  the  flat  surface,  follow- 
ing. Two  pairs  of  pressure-rollers  arc 
applied, — the  upper  ones  fluted, — and 
are  loaded  by  means  of  one  weight,  as 
in  the  planing  machine,  though  formerly 
they  had  two  distinct  weighted  levers. 
The  feed  may  be  varied  from  12  to  25 
feet  per  minute,  and  is  fitted  with 
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disengaging  gear.  The  wood  in  planed  on  one 
edge,  on  which  it  is  gnided  by  a  straight- 
edge. 

The  table  is  levelled  by  means  of  mitre-gear 
and  a  screw  (fig.  193). 

5.  Mortising,  Tenoning,  and  Boring  Machine. — 
This  novel  machine  isarranged  fur  the  three  distinct 
kinds  of  work— mortising,  tenoning,  and  boring, 


Tuo.uso,  axd  Hi. hi  Nr.  M  a  ,  nisi,  by  Ifcam. 
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and  is  worked  by  hand.  It  may  be  regulated 
for  working  hard  or  soft  wood.  For  mortising, 
a  thick  chisel  is  employed,  ground  off  on  one 


side,  and  fixed  into  a  vertical  spindle.  It  is 
brought  down  by  means  of  a  handdever  and  is 
driven  into  the  wood,  which  is  cramped  to  the 
table,  to  commence  the  mortise  at  the  middle, 
whilst  the  table  is  traversed  by  a  self-acting  feed; 
this  operation  is  repeated  until  one  end  of  the 
mortise  is  reached  The  chisel  is  then  reversed 
or  turned  half  round,  by  mitre-gear  on  tho 
spindle,  and  cuts  its  way  to  the  other  end  of  the 
mortise.  Thus,  the  mortise  is  cut  square  at  both 
ends.  The  self-acting  feed  may  be  varied  from 
-jL-  inch  to  ^  inch  for  each  cut. 

For  tenoning,  a  duplicate  cutter  is  used,  each 
part  like  the  letter  L,  advanced  by  vertical 
cuts  on  both  sides  of  tho  tenon  at  once.  To 
ensure  exact  work,  tho  cutters  move  in  a  verti- 
cal dove-tail  guide  bolted  to  tho  bed  of  the 
machine.  They  may  be  set  for  any  thickness  of 
tenon. 

For  boring,  the  spindle  is  turned  by  means  of 
the  mitre-gear  already  mentioned.  Thus,  the 
mitre-gear  is  employed  for  a  double  purpose — to 
liore  and  to  mortise. 

This  machine  may  lie  usefully  applied  for 
mortising  and  boring  ships'  blocks,  with  a  spoon- 
bit,  and  a  compound  motion  like  that  of  a 
traversing  slot-drill  (fig.  194). 

G.  Double-Tenoning  Machine. — This  machine 
is  adapted  for  working  heavy  framing,  as  that  of 
mil  way  carriages  and  waggons.  It  lias  two  re- 
volving cutters  on  horizontal  spindles,  for  cutting 
out  the  extreme  upper  and  lower  sides  of  the 
tenons,  with  lances  to  mark  out  the  shoulders 
and  divide  the  fibres,  and  make  a  clean  finish  of 
the  end  grain.  The  intermediate  space  between 
the  tenons  is  cut  out  by  a  cutter,  or  by  a  drunken 
saw,  on  a  vertical  spindle,  towards  which  the 
work  is  traversed  on  a  sliding  table.  Tho  rate  of 
feed  is  24  inches  per  minute  for  hard  wood.  A 
coupling  is  applied  to  disconnect  for  reversing, 
for  which  a  quick  return  at  double  speed  is 
applied.    The  cutters  are  all  adjustable  to  the 
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work  to  be  done.  Four  waggon  sole-luirs  may 
be  put  together  on  the  table,  and  cut  at  one 
operation  (fig.  195). 


7.  A  horizontal  steam-engine  was  exhibited, 
and  will  be  noticed  in  connection  with  other 
steam-engines. 
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CHAPTER  IV. 

WOOD  -  WORKINQ  MACHINES  EXHIBITED  BY 
MESSRS.  THOMAS  ROBINSON  AND  SONS, 
ROCHDALE. 

Messrs.  Robinson  «k  Sons  exhibited  a  selection 
of  machines  for  joiners'  work,  to  enable  a  joiner 
and  builder  to  prepare  the  whole  of  the  work 
preparatory  to  wedging  up  and  smoothing  off, 
for  sashes,  doors,  shutters,  and  similar  framed 
work. 

1.  Saw-Bench. — This  bench  is  made  with  a 
fixed  table,  and  a  rising  and  falling  spindle  for 
adjustment  for  rebating  and  grooving.  The 
spindle  carries  a  circular  saw  at  one  end  and  an 
auger  at  the  other.  The  saw  may  be  replaced 
by  a  circular  cutter-block  for  tongueing  or 
grooving.  A  separate  stand  is  provided  for  the 
work  to  be  bored  by  the  auger.  The  parallel 
fence  is  made  to  cut  at  any  angle,  and  may  be 
removed  for  cross-cutting. 

2.  Planing  and  Squaring  Machine. — This 
machine  is  for  planing-up  timber  for  the 
framing  of  sashes  and  other  like  framework,  to 
remove  warps,  twists,  or  other  irregularities  on 
the  surface  of  the  timber.  It  receives  timber  of 
any  size  up  to  15  inches  square  and  15  feet  long. 
The  cutter-disc  revolves  on  a  vertical  spindle  over 
the  timber,  and  carries  four  cutters, — two 
gouges,  and  two  chisels,  alternating, — the  gouges 
to  clear  the  way  for  the  chisels,  and  skim  the 
surface.  The  timber  is  cramped  on  a  travelling 
table,  with  which  it  is  traversed  under  the 
cutter,  upon  a  slide-bed. 

3.  Moulding  and  Planing  Machine. — This 
machine  takes  in  9  inches  by  3  inches ;  it  lias 
four  cutter-blocks,  to  cut  four  sides  at  once. 
There  are  two  pairs  of  feeding -rollers  at  the 
entrance  of  the  machine,  the  first  of  which  arc 
fluted.  They  are  all  driven  by  means  of  spur- 
wheels  geared  together,  and  actuated  by  a 
worm-motion  with  four  speeds.  The  under 
cutter  levels  the  lower  side,  and  is  followed  by 
the  side  cutters,  and  finally  by  the  upper  or 
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moulding  cutters.  The  moulding  cutters  are 
made  up  in  sections,  to  take  different  parts  of 
the  moulding.  Two  mouldings  may  be  cut  at 
once  on  a  piece  of  double  width,  and  parted  by 
a  cutter  in  the  middle  (fig.  196). 


4.  Mortising  Machine. — This  machine  is 
worked  by  power,  and  ojwrates  by  a  recipro- 
cating chisel,  worked  vertically.  It  cuts  mor- 
tises from  \  inch  to  1  inch  wide,  and  from 
1$  inch  to  12  inches  long.  The  chisel  is  fixed 
in  a  ram  reciprocated  by  a  connecting-rod  from 
a  revolving  disc,  like  the  motion  of  a  slotting 
machine  for  iron,  and  it  is  worked  by  a  self- 
acting  feed-motion,  in  the  first  place,  to  dip  into 
the  timber  at  the  middle  of  the  mortise,  and  to 
cut  deeper  and  deeper  each  stroke,  clearing  itself 
well,  with  a  horizontal  traversing  feed,  until  the 
full  depth  has  been  reached,  when  the  descending 
feed  is  thrown  off  by  a  stop-pin  on  the  side  of 
the  ram,  which  knocks  a  clutch  out  of  gear. 
The  horizontal  feed,  worked  by  a  cam  and 
ratchet-motion,  continues  until  the  cutter  arrives 
at  the  end  of  the  mortise,  when,  by  a  movement 
of  the  reversing  handle,  a  quick  reversing 
motion  is  turned  on,  by  which  the  chisel  is 
lifted  up  out  of  contact  with  the  work.  It  is 
then  turned  half  round,  into  position  for  cutting 
towards  the  other  end  of  the  mortise,  the  de- 
scending feed  is  put  into  gear,  and  the  traversing 
feed  reversed,  until  the  cut  is  completed  ;  the 
piece  of  wood  is  then  reversed  for  completing  the 
mortise  from  the  opposite  side  of  the  piece. 

The  descending  feed  is  performed  by  means 
of  a  revolving  screw  with  a  fixed  bearing  within 
the  ram,  working  through  a  nut  in  the  stud  by 
which  the  ram  is  driven.  As  the  screw  re 
volves,  it  descends  through  the  nut,  taking  with 
it  the  ram  and  the  chisel,  and  so  giving  the 
descending  feed.    By  reversing  the  motion  of 
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the  screw,  it  winds  up  the  cutter  from  the 
piece.  The  screw  Ls  turned  by  meaus  of  a  train 
of  bevel-gear  from  the  disc-shaft.  The  machine 
makes  120  strokes  jut  minute,  with  a  longitu- 
dinal feed  of  |  inch  for  each  cut  (fig.  197). 

5.  Tenoning  Machine. — In  the  upper  and 
lower  cutter-blocks  of  this  machine,  which  is 
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similarly  arranged  to  the  others  that  have  been 
described,  the  cutters  are  twisted  obliquely, 
and  so  screwed  to  the  block.  Lances  are  fixed  to 
the  runs  of  the  blocks  for  sinking  the  shoulders 
of  the  tenon.  A  cutter-block  fixed  on  the  top 
of  an  upright  spindle  is  mounted  on  a  compound 
slide  on  the  other  side  of  the  machine,  lor  the 
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purpose  of  scribing  sash-ljars  and  stiles  by  means 
of  a  fly-cutter,  or  by  substituting  a  thick  saw 
on  the  cutter-spindle,  to  cut  double  tenons 
(%•  198). 

6.  Grinding  Machine. — This  machine  is  for 
grinding  and  sharpening  the  cutters  for  the 
moulding  machine.  It  consists  of  two  sand- 
stones for  grinding  down  the  back  of  the  cutter, 
and  two  Ayrshire  stones  for  setting  the  fine 
edge  without  the  use  of  oil-stones  ;  they  are 
fixed  on  a  revolving  shaft,  formed  with  round 
hollows   aud  round   edges  on  their  circum- 


CHAPTER  V. 

WOOD-WORK  INO  MACHINES  EXHIBITED  BY  MESSRS. 
GREENWOOD  AND  BATLEY,  LEEDS. 

These  machines  are  of  a  special  character,  like 
those  made  by  the  same  exhibitors  for  working 
in  metals.     (See  page  180). 

1.  Lock- Bedding  Machine.— The  object  of  this 
machine,  originally  constructed  in  the  United 
States,  is  to  cut  out  the  recess  in  a  rifle-stock 
to  receive  the  lock — a  very  delicate  operation. 
The  machine  is  one  of  a  series  of  twenty-one  for 
manufacturing  gun-stocks,  like  those  at  the 
Royal  Small-Arms  Factory,  Enfield.  The  cut- 
ting out  of  the  recess  for  the  lock  is  divided 
into  five  operations,  for  each  of  which  a  separate 
cutter  is  provided     The  cutters  are  carried 


each  on  a  spindle,  mounted  on  five  separate 
slides  in  a  rotating  circular  frame,  and  actuated 
by  levers  with  universal  joints,  admitting  of  a 
vertical  and  a  horizontal  movement  of  the  slides 
carrying  the  cutters.  The  table  upon  which 
the  gun-stock  and  the  "former"  are  placed, 
slides  horizontally,  at  right  angles  to  the  hori- 
zontal motion  of  the  cutter-slides.  By  com- 
pounding the  motions,  all  the  intricacies  of  the 
"  former "  may  l>e  traced  to  cut  out  the  recess 
in  the  gun-stock.  The  cutter  spindles  are 
driven  at  a  very  high  speed,  and  are  brought 
in  succession  over  the  work,  to  form  the 
recess.  The  "former,"  it  may  be  explained,  is 
an  exact  copy,  in  hardened  steel,  of  the  recess 
required  to  be  cut  in  the  gun-stock.  The 
cutters  are  each  governed  by  a  "tracer"  or 
jxunt,  of  the  same  dimensions  as  the  cutter  to 
which  it  is  connected,  which  is  caused  to 
traverse  over  every  part  of  the  surface  of  the 
former ;  thus,  each  recess  is  a  facsimile  of  the 
original,  and  tens  of  thousands  of  recesses  are  cut 
perfectly  alike. 

By  means  of  this  machine  one  operator  can 
bed  1,500  locks  j>er  week,  or  at  least  ten  times 
as  many  as  can  be  bedded  by  liand,  with  a 
degree  of  accuracy  unattainable  by  the  most 
expert  hand-operator.  One  set  of  cutters  will 
cut  several  thousands  of  recesses  alike  to  the 
one-thousandth  part  of  an  inch ;  and  there  are 
ingenious  means  for  maintaining  the  cutter  at 
the  exact  size  of  the  tracer,  which  Is  of  course 
indis|>ensable  for  maintaining  the  highest  degree 
of  accuracy. 

2.  Marufiard  LaUte.— This  lathe  is  designed 
for  turning  or  forming  whcel-sjwkes,  on  the 
principle  of  copying  by  a  tracer  from  a  former, 
and  is  so  named  after  the  inventor,  who 
patented  it  many  years  ago  in  the  United 
States.  It  is  understood  that  the  machine  was 
originally  invented  in  England,  where  it  was,  in  a 
rude  form,  used  for  turning  shoe-lasts.  Within 
the  last  seven  or  eight  years  it  has  been  brought 
into  use  in  England,  principally  in  consequence 
of  its  introduction  at  the  Royal  Carriage 
Department  at  Woolwich,  for  turning  the 
spokes  of  gun-carriage  and  other  wheels  used  in 
the  military  service.  Two  sets  of  lathe-head- 
stocks  are  mounted  side  by  side  upon  a  travel- 
ling bed ;  in  one  of  them  a  cast-iron  former  or 
model  spoke  is  placed,  in  the  other  the  piece  of 
wood  to  be  formed  into  a  spoke.  The  spindles 
of  both  headstocks  revolvo  slowly  and  simul- 
taneously, at  the  same  speed ;  and  a  circular 
tracer,  held  in  contact  with  the  former  by  a 
spring,  and  turning  freely  on  its  bearings,  com- 
municates its  horizontal  movements  to  the 
rotary  cutter,  of  the  same  diameter,  through  the 
travelling  bed,  to  which  tliey  are  both  attached. 
Thus,  by  a  parallel  motion,  a  spoke  is  formed 
by  the  cutters,  an  exact  copy  of  the  model.  By 
a  suitable  application  of  wheels,  right  and  left 
shaped  pieces  may  be  formed  from  one  copy — as 
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shoe-lasts,  chair-legs,  or  other  articles  in  pairs 
(fig.  199). 

Via.  1M. 


Blahsiuid  Laths,  by  Me*»r».  Qreenwood  &  B»Uey,  I**d». 


3.  Kinder  8  Shajnng  Machine. — This  machine 
contains  two  vertical  spindles  revolving  in  oppo- 
site directions.  The  "  nose  "  of  each  spindle  is 
screwed,  and  may  be  fitted  with  a  variety  of 
cutters.  The  head- 
stocks  are  capable  of 
separate  vertical  ad- 
justment. The  frame 
of  the  table  is  mounted 
in  trunnions,  and  may 
l>e  canted  either  way. 
The  top  of  the  table 
may  be  traversed  longi- 
tudinally, and  is  made 
with  grooves  across, 
which  may  be  used  for 
fixing  work  or  appli- 
ances, or  for  transverse 
slides.  By  this  means, 
under  the  guidance  of 
a  tern] date  fixed  upon 
the  work,  the  most 
intricate  and  various 
forms — in  themselves 
oblique  sections  of 
regular  or  irregular 
figures  —  may  be 
wrought  with  facility  (fig.  200) 


sometimes  mischievous  use  of  the  adze  is  thus 
dispensed  with  (fig.  201). 

5.  Machine  for  Cutting 
or  Jointing  Barrel- Stave*. 
— This  machine  forms  j>art 
of  a  system  of  machinery 
for  making  ]>owder- casks, 
supplied  to  the  Woolwich 
Arsenal.  A  pair  of  circular 
saws  are  mounted,  one  on 
each  side  of  a  cast-iron  bed, 
in  adjustable  bearings,  to 
adapt  them  to  the  width 
and  the  taper  of  the  stave. 
The  wchk!  from  which  the  stave  is  to  be  cut  is 
screwed  into  a  press,  of  which  the  top  and 
bottom  plates  are  rcsjMctively  of  the  form  of 
the  stave  outside  and  inside.    The  press  is  fixed 

Fig.  210. 


Ki.idkk's  Bmrisu  Micmsi,  by  Meitr*.  Gwowood  ft  "BtX\ry. 


Fig.  ZOI 


4.  Band-Saw. — This  is  a  band-saw  peculiarly 
constructed,  for  cutting  curvilinear  shapes,  as  ribs 
for  ships,  and  other  heavy  work  of  varying  bevel, 
straight  or  curved.  The  table  is  stationary,  and 
fixed  in  a  level  jswition,  to  carry  the  work  securely, 
and  the  saw-frame  is  hung  on  a  swivel,  and  may  lie 
set  to  any  angle  with  the  tabic.  When  shqw' 
timbers  or  ribs  arc  being  cut  for  the  bows  of  the 
vessel,  they  require  to  be  cut  to  forms  uf  double 
curvature, — to  suit  the  bilge  of  the  vessel,  from 
the  keel  upwards;  and  in  conjunction  with  that, 
they  must  be  adapted  to  the  tajH:ring  shape  of 
the  bow.  The  variations  of  curvature  are 
marked  in  degrees  upOtt  the  timbers  at  intervals 
along  the  curved  line  to  be  cut  out  on  one  face, 
the  degrees  expressing  the  successive  angles  of 
obliquity ;  and  the  saw  being  swivelled  on  a 
fulcrum  having  it«  centre  at  or  near  the  surface, 
is  set,  by  the  aid  of  a  graduated  scale,  successively 
to  the  necessary  angles.    The   laborious  and 


Bud-SiW,  by 


rood  *  Batter. 
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to  a  sliding  carriage,  with  which  it  is  moved 
forward  between  the  saws,  wliich  form  the  exact 
joint-Burface  on  each  edge  of  the  stave,  to  fit  its 
fellow  staves.  The  staves  arc  previously  cut  out 
by  a  circular  saw  to  the  required  curvature,  thus 
entirely  superseding  the  splitting-hill,  the  draw- 
kiiife,  and  the  jointing  plane  used  in  ordinary 
coo]>ering  operations. 

Fin.  2W. 


MotTIilHO  Micnui:,  by  Mc*m.  Greenwood  Si  Uutley. 


Fig.  203. 


BooT-riuolSO  Maciiimi,  l»y  Meun.  Oreonwood  &  Butler. 


0.  Mortising  Machine. — The  chisel  is  fixed  in 
a  reciprocating  ram,  and  is  brought  down  hy  a 


gradually  increasing  stroke,  until  the  proper  depth 
is  reached  and  the  required  distance  traversed, 
when  it  suddenly  rises  clear  of  the  timber  by  the 
action  of  the  foot  of  the  operator.  The  cliiscl  is 
then  turned  half  round  by  a  hand-lever,  and  the 
cutting  process  is  repeated  in  the  opposite  direc- 
tion, till  the  chisel  arrives  at  the  other  end  of 
the  mortise.  The  bible  is  provided  with  slides 
and  trunnions  to  set  the  work  for  bevel-mortising 
(fig.  202). 

7.  Boot-pegging  Machine*. — These  machines 
have  already  been  descrilnjd  in  connection  with 
the  other  machines,  hy  the  exhibitors,  for  work- 
ing in  metal,  page  181,  and  are  hero  illustrated 
by  the  annexed  figure,  203. 


CHAPTER  VI. 

SUNDRY  WOOD-WORKING  MACHINES. 

Messrs.  Forrest  tfc  Ban-,  Glasgow,  exhibited  a 
joining  and  moulding  machine,  for  planing, 
thick nessing,  feathering,  and  grooving,  or  match- 
ing boards.  A  series  of  smooth  friction-rollers, 
geared  together,  are  provided  for  drawing  the 
timber  and  passing  it  tlirough  the  machine. 
The  entering  rollers  gear  together  with  long- 
toothed  wheels,  to  allow  for  their  separation  and 
keep  them  in  gear,  with  boards  of  extra  thickness. 
A  revolving  cutter  skims  the  boards  preparatory 
to  their  being  planed  by  the  three  stationary 
plane-irons  which  succeed  it ;  followed  by  two 
side-cutters  and  a  top  cutter  for  thicknessing 
boards  or  to  cut  mouldings.  The  level  of  the 
upj>er  friction-rollers  is  adjustable  hy  means  of 
screws,  and  the  pressure  is  applied  to  them  by 
means  of  springs.  The  machine  works  at  the 
rate  of  GO  feet  |>er  minute  for  soft  wood  ;  for 
the  hardest  wood  it  is  worked  at  tho  rate  of 
from  1 6  to  18  feet  per  minute  (tig.  204,  page  224). 

Messrs.  J.  McDowall  &  Sons,  Johnstone, 
near  Glasgow,  exhibited  a  *ato  bench,  with  a  cir- 
cular saw  on  a  rising  and  falling  spindle,  on  a 
fixed  table.  Also  a  jtlaning  and  moidding  WO- 
chine,  with  three  pairs  of  smooth  pressure-rollers 
geared  together  with  sptir  and  bevil  wheels. 
Each  roller  is  weighted  by  a  pair  of  weighted 
levers,  one  at  each  end,  making  twelve  indc- 
{►endeut  weights. 

Messrs.  J.  it  T.  Young,  Ayr,  exhibited  a  ver- 
tical saw-frame,  or  deal-frame.  It  is  capable  of 
cutting  two  deals  at  once,  21  inches  by  &|  inches 
thick,  making  220  strokes  per  minute.  The 
power  is  taken  from  a  driving-shaft  at  the  top 
of  the  machine  by  a  connecting-rod  attached  to 

I  the  bottom  of  the  saw-frame  ;  thus  a  long  con- 
necting-rod is  advantageously  obtained.  The 
top  and  side  rollers  are  adjusted  by  screws,  aided 

.  by  spiral  springs,  to  steady  the  timber. 
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Plasixg  450  Moi  ldiso  Micmsi,  by 


Forw.l  &  D«rT,  Glwgow. 


1 1 -t ■  ii  : 

by  Mr.  Wm.  OimcU,  WoWertu 


MirniBB, 

aptoa. 


Mr.  R.  H.  Thompson,  Woolwich,  exhibited 
a  few  simple  aud  serviceable  machine*  for 
rough  ordinary  work.  1.  Universal  Joiner, 
with  an  upright  traversing  spindle,  on  the 
principle  of  the  radial  drill,  to  lie  worked 
by  liand  or  by  power,  and  capable  of  doing  a 
variety  of  work.  The  jib  is  hung  ujxm  a  pivot 
at  one  side  of  a  bench,  which  may  be  swept 
by  the  drill,  and  the  motion  is  communicated 
to  the  spindle  by  an  endless  baud  passing 
over  concentric  pulleys  at  the  pivot,  the  drill 
being  free  to  radiate  in  any  direction.  Thus,  by 
fitting  a  gouge  or  other  bit  to  the  spindle,  a 
mortise  may  be  cut;  or,  with  cutter-blocks, 
straight  or  circular  segments  and  mouldings. 
2.  Tree  -  Feller. — In  tliis  machine  a  couple  of 
saws  arc  let  into  and  form  portions  of  an  endless 
reciprocating  band  between  two  pulleys.  One 
pulley  Ls  stationed  at  one  Bide  of  the  tree  to  be 
felled  ;  the  other,  on  the  opposite  side  of  the 
tree,  is  capable  of  being  shifted  with  its  pivot  in 
a  circular  segmental  slide  concentric  with  the 
stationary  pulley.  Power  to  work  the  saws  by 
reciprocation  horizontally  is  transmitted  through 
the  central  or  stationary  pulley,  anil  the  feed  is 
given  by  shifting  the  saw-frame  towards  and 
through  the  tree,  radially  upon  the  fixed  pulley 
as  a  centre.  When  the  near  saw  has  cut  half  way 
through  the  tree  the  frame  is  shifted  to  the  other 
side  of  the  tree,  to  cut  through  the  remaining 
half  from  the  outside  by  the  other  saw.  3. 
Horizontal  Sawing  Machine,  adapted  for  siding 
trees,  or  for  cutting  them  into  planks,  ifcc,  on 
the  8|K>t  where  they  are  felled.  The  felling-gear 
can  be  adapted  to  form  juirt  of  the  machine,  and 
the  whole  can  be  easily  put  together. 

Mr.  Wm.  Bissell,  Wolverhampton,  exhibited, 
— 1.  Haigh's  Mortising  and  Jioring  Machine,  in 
which  the  boring  and  the  mortising  chisels  are 
placed  in  distinct  frames,  the  l)oring  chisel  being 
turned  by  hand  with  a  pair  of  mitre-wheels ;  and 
the  mortising  chisel  fixed  on  a  slide  working 
vertically,  upon  which  the  ]K>wer  is  delivered 


through  a  hand-lever  and  an  eccentric  toothed 
wheel  working  into  a  rack  on  the  back  of  the 
slide  (fig.  205).  2.  A  Hooring-Vramp,  suitable  also 
as  a  bench-cramp  and  for  doors  and  sashes.  This 
cramp  o]>erate.s  by  means  of  an  eccentric  notched 
lever,  to  be  turned  against  the  joist,  and  so  held 
until  the  pressure  begins  to  be  applied  by  turn- 
ing the  double  handle,  when  the  lever  will 
gradually  fix  itself  and  hold  the  cramp  firm. 
The  greater  the  strain  the  more  tightly  the 
lever,  by  its  eccentric  action,  will  bind  (fig.  20*1). 

Fio.  208. 


FLooBixc.Cu.iur,  by  Mr.  Wm. 


reight, 


3.  Lifting  Jack;  19  inches  high,  6Glb. 
and  said  to  be  capable  of  lifting  4  tons. 

Mr.  W.  Qeeves,  London,  exhibited  a  liorizontal 
saw-frame,  or  deal-frame,  which  Ls  to  the  vertical 
deal-frame  what  a  hoiizontal  steam-engine  is  to  a 
vertical  one.  Having  a  long  foundation  and  a  low 
centre  of  gravity,  this  saw-frame  lies  very  steadily. 
It  is  simple  in  construction,  but  it  has  a  short 
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connecting-rod ;  and  every  part  is  readily  acces- 
sible, under  the  eye  of  the  attendant.  It  is  said 
that  this  machine  may  be  driven  at  a  greater 
speed,  with  less  wear  and  tear,  than  upright  saw- 
frames. 

Messrs.  Weston  <fc  Horner,  London,  exhibited 
u  mortising  machine,  arranged  to  l>e  worked  by  a 
treadle.  Provision  was  made  for  oiling  the 
chisel  by  self-action  at  every  incision. 

Mr.  Joseph  Lewis,  London,  exhibited  a  small 
machine  for  boring  and  fret-cutting.  This  ma- 
chine is  fitted  with  a  table  and  treadle  motion 
like  that  of  a  sewing-machine.  For  fret-cutting, 
a  small  saw  is  fixed  in  a  rocking  frame  which 
works  on  a  pivot  at  the  back  of  the  table,  and 
holds  the  saw  in  tension  by  the  two  ends  above  and 
below  the  table.    The  reciprocating  motion  is 


Fio.  J)7. 


derived  from  a  small  crank  on  the  second  shaft, 
working  iu  a  notch  in  the  lower  part  of  the 
rocking  frame.  For  boring,  a  motion  is  taken 
off  the  second  shaft  by  a  band  passing  over 
guide  pulleys  to  the  spindle  at  the  end  of  the 
rocking  frame,  which  in  that  case  is  disengaged 
from  the  crank-motion  (fig.  207). 

Messrs.  Cox  tfe  Son,  London,  exhibited  a 
machine  for  carving  in  wood,  applicable  also  for 
carving  in  stone  or  marble.  It  is  founded  on 
Jordan's  patent,  and  is  worked  by  steam 
|K»wer.  It  operates  by  copying  a  model,  in 
duplicate  or  in  triplicate,  by  means  of  the  tracer 


and  one  or  two  revolving  cutters.  But  in  place 
of  the  tracer  and  cutters  being  moved  over  the 
model  and  the  work,  as  in  other  machines,  they 
are  stationary  in  a  balanced  frame,  with  freedom 
for  vertical  motion  only,  and  they  work  on 
vertical  spindles  making  from  5,000  to  7,000 
revolutions  per  minute,  whilst  the  model  and  the 
work  are  traversed  under  the  tracer  and  cutters 
on  a  table  capable  of  horizontal  movement  trans- 
versely and  longitudinally.  This  machine  was 
worked  with  efficiency  ;  and  it  is  said  to  be 
capable  of  roughing  out  four  panels  in  four 
hours,  which  are  finished  by  one  man  in  a  day, 
and  which  would  take  a  man  four  days  to  carve 
by  hand. 


CHAPTER  VII. 

FOREIGN  WOOD-WORKINO  MACHINES. 

France. — M.  Perin,  Paris,  exhibited  at  work 
a  band-saw, — a  machine  with  which  his  name  is 
associated  as  the  inventor,  and  which  attracted 
great  attention,  by  the  precision  and  delicacy 
with  which  it  was  capable  of  cutting  out,  in 
the  hands  of  a  competent  workman,  the  most 
intricate  and  involved  scroll-work.  The  saw  is 
bedded  on  leather,  or  india-rubber,  laid  upon  the 
rims  of  the  pulleys,  without  any  other  elastic 
medium.  Tension -springs  are  considered  by 
M.  Perin  to  be  unnecessary.  A  brake  is  set  on 
by  the  same  handle  that  throws  off  the  belt,  to 
stop  the  machine,  which  otherwise,  after  work- 
ing at  a  high  velocity,  would  continue  to  run 
for  some  time  before  arriving  at  a  state  of  rest. 
2.  A  Traversing  Mortising  Machine,  analogous 
to  the  slot-drill,  in  which  the  mortise  is  formed 
by  a  traversing  revolving  cutter,  working  on  a 
horizontal  spindle.  The  cutter  preferred  for 
deep  mortising  consists  of  a  double  gouge,  in 
section  like  an  ogee,  with  cutting  edges  for 
]>enetration,  and  two  longitudinal  cutting  edges 
for  traversing.  For  cutting  shallow  mortises, 
a  double  cutter  is  preferred,  keyed  into  a  steel 
spindle,  formed  with  two  helical  threads,  wind- 
ing about  the  spindle,  for  extracting  the  cuttings. 
The  spindle  is  carried  in  a  moveable  frame, 
which  is  traversed  on  a  sliding  table,  to  give 
the  feed  for  the  traversing  cut.  A  small 
driving  pulley  is  fixed  on  the  spindle,  by  which 
it  is  driven  with  a  crossed  belt  from  a  fixed 
pulley  overhead.  The  belt  is  sufficiently  elastic 
to  yield  radially  with  the  horizontal  traverse  of 
the  spindle-frame.  A  square-ended  cutter  is  car- 
ried by  the  same  frame,  to  square  the  ends  of 
the  mortise. 

MM.  Bernier  ii  Arbey,  Paris,  exhibited  a 
few  machines  constructed  with  wooden  framing. 
1.  A  Mortising  Machine,  in  which  a  revolving 
cutter,  like  an  ordinary  gouge,  is  used,  with  a 
web  at  the  extremity,  subtending  the  arc,  like 
a  segment  of  a  circle,  to  give  a  cutting  edge  for 
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penetration.  The  gouge  works  horizontally, 
and  readily  clears  itself  of  cuttings.  The  table 
which  carries  the  work  is  traversed  by  rack  and 
pinion.  A  double-ended  square  chisel,  squared  j 
at  both  edges,  with  two  inclined  surfaces  meet- 
ing at  the  middle,  is  used  for  squaring  the  ends 
of  the  mortises,  without  reversing  the  cutter 
as  in  the  English  machines.  2.  A  Tenoning  \ 
Machine. — The  cutter-spindle  revolves  at  right 
angles  to  the  tenon  to  be  formed,  and  the 
cutters  enter  from  the  ends  of  the  tenons,  re- 
moving the  wood  in  the  direction  of  the  grain, 
— a  mode  of  action  the  reverse  of  that  adopted 
in  English  machines,  in  which  the  cutters  work 
across  the  grain.  Three  similarly  formed  cut- 
ters, for  forming  double  tenons,  are  fixed  by 
set-screws  and  separately  adjustable,  in  sockets 
carried  and  likewise  fixed  by  set-screws  on  the 
spindle.  From  the  mode  of  their  application, 
endwise,  they  are  necessarily  long  and  slender- 
looking  to  English  eyes ;  and  it  may  be  noted, 
that  the  function  of  the  ordinary  oblique  saw 
for  cutting  between  the  tenons  is  performed  by 
an  extended  cutter.  3.  A  Circular  /Saw,  which 
may  be  raised  and  lowered  in  the  table  at  will. 
4.  A  Moulding  Mac/tint. — The  work  is  held 
steadily  against  the  fence  by  springs  bearing  on  , 
a  straight  bar  applied  to  the  outer  edge  of  the 
piece.  The  cutter-block  is  of  cast  iron,  cylin- 
drical, and  made  with  sockets,  nearly  radial,  to 
receive  the  cutters,  which  are  fixed  in  place  by 
set-screws,  and  may  l>e  set  with  great  facility 
for  cutting  any  moulding.  5.  A  Lathe  for 
forming  Last*,  Wfied-sjwkes,  <fr. — This  machine 
is  designed,  like  the  Blanshard  lathe,  for  form- 
ing irregular  objects,  from  a  model,  by  means  of 
a  tracer  and  similarly-formed  revolving  cutters. 
A  single  shaft  carries  as  many  cutters  as  there 
are  duplicates  required,  guided  by  a  tracer.  The 
pieces  of  wood  to  be  cut  are  suspended  side  by 
side  between  centres,  at  right  angles  to  the  j 
cutter-shaft,  and  are  revolved  slowly  and  simul-  I 
taneously,  by  l>eing  geared  together  and  to  the 
model.  The  cutters  thus  work  vertically  over 
the  objects,  and  in  the  direction  of  the  grain,  and 
rise  and  fall  with  the  tracer  in  a  horizontal  frame, 
which  vibrates  on  liearings  at  the  back.  From  a 
single  model, — as  of  a  last,  for  example, — right 
and  left  lasts  can  be  turned. 

MM.    Varrall,   Elwell,   k    Poulot,    Paris,  I 
exhibited  a  jtortable  steam  band-saw,  for  heavy 
work,  containing  the  boiler,  the  engines,  and 
the  macliinery,  on  one  cast-iron  base.  The 
boiler  is  upright,  and  the  engine  is  fixed  lie-  ] 
liind  it,  with  two  fly-wheels,  turned  on  their 
rims  for  driving-belts.    One  of  the  fly-wheels  is  j 
\ised  in  driving  the  intermediate  pulleys  for  the 
Iwmd-saw,  from  wluch  a  motion  is  derived  by 
gearing  for  the  feed,  which  is  ]>erformed  by  two 
pairs  of  rollers  on  vertical  spindles,  between 
which  the  work  is  passed.    Only  one  of  these 
pairs  of  rollers  is  driven  by  |>ower.      They  are 
fluted  to  give  the  grip,  and  are  adjustable  to  the 
required  distance  from  the  band-saw,  for  deter- 


mining the  thickness  of  the  cut.  The  other  pair 
of  rollers,  which  are  plain,  are  held  taut  against 
the  work  horizontally,  by  means  of  a  weighted 
chain  over  a  pulley,  to  steady  the  work,  and 
also  to  give  the  necessary  adhesion  for  the 
fluted  rollers.  The  feed-motion,  when  not  re- 
quired, may  be  removed,  and  an  ordinary 
guide -plate  inserted.  The  band -pulleys  are 
2  feet  8  inches  in  diameter.  The  remaining 
fly-wheel  may  be  employed  for  working  a 
saw-bench. 

Saxony.  —  M.  Zimmcrmann,  Chemnitz,  ex- 
hibited a  band-saw,  in  which  an  arrangement  is 
made  for  circular  cutting,  hy  swivelling  the 
work  horizontally  on  the  table  round  a  pivot 
fixed  in  it.  2.  A  Vertical  Jteciprocating  Saw,  for 
delicate  work,  in  which  the  saw  is  moved  by  a 
crank,  through  an  endless  band.  3.  A  Mould- 
ing MacJiine,  similar  to  that  of  Messrs.  Robin- 
son. 4.  A  Planing  Machine.  5.  A  Mortising 
Machine,  cutting  with  a  revolving  auger,  tra- 
versed by  hand ;  with  a  square  cutter,  to  square 
the  ends  of  the  mortise.  All  of  these  machines 
are  constructed  with  cast-iron  framing. 


CHAPTER  VIII. 

CONCLUSION. 

The  constructors  of  wood-working  machinery 
are  slowly  adopting  the  style  of  the  most 
advanced  inachine-tool  makers,  in  massing  their 
framing  into  the  simplest  forms  and  the  fewest 
number  of  pieces,  and  placing  each  machine 
upon  a  single  strong  base -plate.  In  these 
respects,  much  of  Messrs.  Robinson's  framing 
is  in  good  style,  and  the  material  is  well 
disposed.  The  sooner  that  the  common  archi- 
tectural abortions  in  cast  iron  are  alwindoned, 
the  better  it  will  be  for  the  founder  and  for 
the  machine.  The  hollow  or  twx  system  of 
framing,  now  successfully  practised  by  the 
machine-tool  makers,  might  be,  with  benefit, 
introduced  in  various  ways  in  wood- working 
nuichinery,  though,  it  may  be  added,  there  is 
not  in  this  the  same  scope  for  the  use  of  box- 
framework.  A  solitary  instance  of  box-framing 
was  supplied  in  the  band-saw  exhibited  by 
Messrs.  Powis,  James,  &  Co. 

Of  the  recent  improvements  in  wood-working 
machinery,  the  general  joiner  of  Messrs.  Worssam 
Jc  Co.  comprises  some  excellent  features  ;  in 
particular,  the  fixed  saw-spindle,  and  the  rising 
and  falling  tables,  indei»endently  adjustable,  for 
the  saw  and  for  the  auger  ;  whereas,  in  others, 
the  table  is  a  fixture,  and  the  spindle  is  shifted, 
— .i  motion  which,  besides  deranging  the  con- 
nection of  the  band  with  the  intermediate 
shaft,  forbids  the  using  of  l>oth  the  saw  and  the 
auger  at  the  same  time,  unless  at  the  same  level. 
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The  silent  feed  of  Messrs.  Worssani  «fe  Co.,  ap- 
plied to  their  deal-frame,  conveniently  enables  the  I 
attendant  to  adapt  the  feed  exactly  to  the 
nature  of  the  work,  and  without  noise,  in  a 
manner  which  cannot  be  equalled  by  the 
ordinary  ratchet  and  j>all.  In  the  employment 
of  large  rollers,  in  this  frame  they  are  enabled 
to  act  with  a  leas  number  of  them  than  with 
the  usual  small  rollers,  when  smooth. 

The  portable  band-saw  of  Messrs.  Varrall, 
Elwell,  &  Poulot,  is  a  novelty  which  will  be 
found  convenient  for  out-door  work.  It  is  a 
better  machine  for  taking  a  single  straight  cut 
than  the  deal-frame ;  the  continuous  motion 
beats  the  reciprocating  motion,  and  it  requires 
less  power  to  work  it. 

In  planing-machines,  the  large  smooth  feed- 
mi  lers  of  Messrs.  Worssam  ii  Co.,  placed  far 
apart,  with  the  under-cutters  between  them, 
and  with  large  spur  driving-gear,  contrast  with 
the  smaller  fluted  rollers,  placed  in  close  suc- 
cession at  the  entrance  of  the  machine,  and  the 
compact  bevel  gear,  of  Messrs.  Powis,  James,  «fc 
Co.  The  wide  spread  of  the  rollers  in  the 
former  machine  is  designed  for  drawing  out,  as 
well  as  to  push  in  the  timber,  and  to  distribute 
the  pressure,  though  they  require  not  only 
larger  spur-gear  for  driving  them,  but  also  a 
greater  reduction  of  sjieed  than  in  the  latter. 
In  the  latter,  the  dressing  and  finishing  under- 
cuts are  completed,  and  the  sliding  surface  is 
formed,  before  any  of  the  other  cutters  operato. 


Thus,  the  timber  may  slide  solidly  through  the 
I  machine  for  the  succeeding  operations,  whilst 
the  whole  of  the  pressure  for  adhesion  is  avail- 
able against  the  combined  action  of  all  the 
cutters.  It  apjiears,  however,  that  Messrs. 
Powis,  J ames,  «fc  Co.  have,  in  their  more  recent 
constructions,  enlarged  the  upper  feed  rollers, 
and  extended  the  application  of  driving-gear  to 
the  lower  ones.  Messrs.  Robinson  show  a  very 
neat  arrangement  of  spur-gear  to  drive  all  the 
rollers,  theso  being,  like  Messrs.  Powis  «fc  Co.'s, 
placed  in  proximity,  and  partially  fluted.  The 
weighting  of  the  feed-rollers,  usually  effected  by 
means  of  a  number  of  weighted  levers,  is  done 
simply  and  compactly  in  Messrs.  Powis  k  Co.'s 
machine  by  one.  In  another  machine,  so  many 
as  twelve  weighted  levers  are  applied  to  three 
pairs  of  rollers.  In  another,  springs  are  em- 
ployed instead  of  weights,  to  load  the  rollers, 
though  the  elastic  force  must  vary  with  the 
inequalities  in  the  timber. 

By  means  of  the  drawers  employed  by 
Messrs.  Worssam  tfc  Co.  for  holding  their  under- 
cutters,  these  may  Ixs  readily  withdrawn  for 
inspection,  without  disturbing  the  other  parts 
of  the  machine. 

The  mortising  machine  of  Messrs.  Worssam 
«fe  Co.  is  an  ingenious  application  of  the  auger. 
It  is  in  advance  of  the  ordinary  chisel-machine, 
and  is  adapted  for  the  best  class  of  work  ;  but  it 
requires  very  careful  management.  It  is  capable 
of  cutting  diagonal  mortises. 


SECTION  III. 


SUNDRY  CUTTING  TOOLS. 


CHATTER  I. 

SCULPTURING  MACHINES. 

Sculpturing  machines  are  designed  for  copying 
works  of  art  in  duplicate,  by  means  similar 
to  that  of  the  former  and  the  tracer,  already 
described  in  the  machines  of  Messrs.  Greenwood 
&  Batlcy,  and  Messrs.  Cox  <fe  Son. 

Messrs.  Kennan  «fc  Sons,  Dublin,  exhibited  a 
tastefully  and  compactly  arranged  machine  for 
cojtying  gcidptures  in  ivory,  wood,  alabaster, 
&C.,  to  any  scale,  cither  from  relievos  or 
rounds.  In  general  appearance  it  is  similar 
to  an  amateur's  lathe.  Motion  is  given  by  the 
foot,  from  which  the  cutter  is  driven  at  a  high 
speed.  The  etitter  and  the  "guide,"  or  tracing 
(>oint,  are  mounted  on  a  triangular  steel  bar, 
working  on  a  universal  pivot  at  one  end,  at- 
tached to  what  may  be  called  the  fixed  head  of 
the  lathe,  and  susj^nded  freely  at  the  other  end 
by  a  balance-weight  and  cord  over  a  pulley. 
The  original  and  the  block  to  be  sculptured  are 
fixed  upon  chucks  mounted  on  two  carriages, 


which  are  adjusted  in  position  on  the  bed  of  the 
machine,  according  to  the  required  proportional 
dimensions,  when,  of  course,  the  relative  dis- 
tances of  the  original  and  the  block  from  the 
pivot  of  the  bar  must  correspond  with  those 
of  the  tracer  and  the  cutter.  The  chucks  are 
turned  simultaneously  on  their  centres  by  means 
of  two  worms  on  one  rod,  turned  by  a  hand- 
wheel  from  the  end  of  the  machine,  and  gearing 
into  worm-wheels  on  the  chuck-spindles,  so  that 
every  part  of  a  round  object,  accompanied  by  the 
block,  may  be  brought  before  the  tracer  and  the 
cutter  respectively.  The  driving-band  Is  kept 
at  a  uniform  tension  by  being  passed  over 
straining-pulleys  on  a  weighted  lever  at  one 
side  of  the  machine  (fig.  208,  page  228). 

For  carving  long  objects,  in  treating  which 
the  chucks  aro  required  to  be  traversed  on  the 
bed,  to  bring  them  within  the  scope  of  the  tracer 
and  the  cutter,  Mr.  Charles  Shaw,  of  Dublin, 
devised  an  ingenious  arrangement  of  propor- 
tional slides  for  traversing  the  chucks  in  the  ratio 
of  their  distances  from  the  central  pivot. 
Q  2 
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Mr.  E.  Smith,  Sheffield,  exhibited  u  pointing  I 
carving  machine  for  copying  objects  of  | 
Bculptiire.  The  model  and  the  block  are  placed 
upon  two  revolving  tables,  turned  in  unison  by 
a  worm-shaft.  With  a  dummy  ]>oint,  or 
tracer  at  the  model,  as  a  guide,  a  small  drill  or 
cutter,  turned  by  a  cord  passing  over  pulleys 
carried  by  a  swing-frame  hung  from  above,  ope- 
rates xipon  the  block.  The  jwint  and  the  cutter 
are  raised  by  a  vertical  screw  in  the  frame.  A 
ball-and-socket  frame  is  applied  for  turning  and 
under-cutting,  or  to  descend  upon  a  horizontal 
surface.  For  cutting  basso-relievos,  a  parallel 
traverse  on  two  guides  Is  employed,  with  the 
screw.  Six  to  eight  jKtints  per  minute  may  be 
made  with  this  machine  ;  and  it  is  stated  that  ten 
or  twelve  times  as  much  work  can  be  done  in 
the  same  time  as  by  the  old  method,  in  which 
tho  point  was  shifted  from  the  model  to  the 
block,  to  guide  the  cut. 


CHAPTER  II. 

ENGRAVING  MACHINES. 

Two  machines  were  exhibited  for  engraving 
rollers  for  calico-print  ing — one,  a  pantograph  ma- 
chine )  the  other,  an  electric  engraving  machine. 


Messrs.  J.  Lockett,  Sons,  tfc  Leake,  Man- 
chester, exhibited  two  dwible-bar  pantogra/Ji 
engraving  macJtines,  for  engraving  roll  era 
for  calico-printing.  One  of  these  machines, 
on  Rigby's  patent,  sui>erseded  the  original 
double-bar  pantograph  machine  with  side 
liars,  in  which  the  pressure  on  the  cutting 
diamonds  was  imposed  by  springs.  Rigby's 
machine  is  furnished  with  top  and  bottom 
bars,  and  the  pressure  on  the  diamond  levers 
is  imposed  by  weights.  An  enlarged  copy 
of  the  design  to  be  engraved  is  prepared  in 
outline,  then  transferred  to  a  zinc  plate,  ami 
engraved  upon  it,  the  engraving  being  faci- 
litated by  the  enlargement  of  the  scale. 
The  engraved  plate  being  placed  upon  the 
table  of  the  machine,  a  tracer-point  is  con- 
ducted along  the  engraved  lines,  and  works 
the  diamond  tracing-points  in  connection, 
so  as  to  trace  or  scratch  an  equal  number  of 
diminished  copies  on  the  copper  cylinder, 
which  is  covered  with  an  etching  ground. 
W  Tho  i»ttern  is  bitten  into  the  surface  of 
the  roller  by  immersion  in  a  corrosive  acid. 
The  work  being  reduced  from  an  accu- 
rately drawn  and  enlarged  original,  comes 
out  so  much  the  more  perfectly  in  the  re- 
duction. 

Whilst  the  machine  just  described  works 
with  a  certain  fixed  ratio  ljetween  the  |»at- 
tern  engraving  and  the  reduced  copies  of  it 
on  the  rollers,  tho  second  machine,  on 
Shield's  patent,  admits  of  various  propor- 
tion* for  tho  enlarged  jwtteni,  even  to  a 
fractional  part,  ranging  from  two  to  ten  times 
the  size  of  tho  i>attcrn  as  engraved  on  the 
copper: — adapting  itself  to  the  peculiarities  of 
design,  with  economy  in  making  sketches,  and 
in  cutting  large  designs  on  the  zinc.  As  the 
sketch  may  l»e  made  to  an  approximate  girth 
or  circumference  of  rollers,  the  zinc  may  be 
prepared  before  the  rollers  are  applied.  But, 
besides  the  j>ower  of  diminishing  the  design  in 
any  ratio,  the  proportions  of  the  design  itself  may 
be  varied,  as  the  horizontal  dimensions  may  be 
on  a  different  scale  from  that  of  the  vertical 
dimensions  (tig.  209). 

Mr.  Garside,  Manchester,  exhibited  an  dec- 
trogrtiph  engraving  machine,  of  which  Messrs. 
York  &  Co.,  London,  are  the  proprietors,  for 
copying  designs  by  engraving  on  copj)er  or  brass 
rollers,  employed  in  printing  woven  fabrics  and 
paperhaugiugs.  Designs  may  be  multiplied,  en- 
larged, or  reduced  ;  and  the  distinctive  feature 
consists  in  the  application  of  voltaic  electricity 
iti  working  the  diamond  points.  Each  point  is 
provided  with  a  small  spiral  spring,  to  press  it 
against  the  cylinder,  for  etching,  and,  in  addition, 
with  a  temporary  magnet,  of  soft  iron,  by  which 
it  is  withdrawn  when  the  voltaic  current  is  esta- 
blished. The  magnets  are  connected  in  the 
usual  manner  with  one  pole  of  the  batten*. 

For  the  purpose  of  forming  the  jiattern,  the 
design  is,  in  the  first  place,  engraved  on  an  ac- 


loogle 


ENGRAVING  MACHINES. 


229 


curately-turned  tulie 
of  brass  or  other 
metal;  and  the  en- 
graved lines  are,  by  a 
simple  process,  filled 
with  a  non  -conduc- 
ing material — gum 
or  cement.  The  pre- 
]«red  pattem-tui « •  r.  • 
volveM  on  insulated 
centres,  and  a  tracer 
of  platinum,  in  a  suit- 
able holder,  being 
connected  with  the 
other  pole  of  the  )>;it  - 
tery ,  is  arranged  with 
its  point  in  contact, 
with  pressure  against 
the  tube  whilst  it  re. 
volvea,  and  to  traverse 
the  whole  length  of 
the  tube.  Simulta- 
neously, the  diamond 
points  traverse  their 

own  section  of  the  roller  to  be  engraved  whilst  it 
revolves.  The  current  through  the  platinum 
tracer  Is  interrupted  as  it  passes  over  the  insula- 
ting lines  of  the  engraving,  and  is  resumed  when 
the  tracer  resumes  contact  with  the  metallic  sur- 
face of  the  tube.  At  the  same  time  the  diamond 
points  are  released  from  their  armatures  and  mark 


Fio.  sue. 


Docdi-i  dau  PiSio&tiru  ExGnviso  Machixi,  l>y  Mrisri.  Lockelt,  8on«,  1  Leake, 

Manchester. 


the  cylinder;  and  they  are  then  withdrawn  from 
it  by  the  armatures,  and  retained  out  of  contact 
until  the  tracer  crosses  another  insulated  line  of 
engraving.  The  combined  result  of  these  suc- 
cessive movements  is,  that  the  protecting  varnish 
Ls  scratched  through,  so  as  to  form  the  copy  of 
the  pattern,  and  the  roller  is  immersed  in 
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bath  of  Btrong  acid  to  deepen  the  work. 
The  proportional  motions  of  the  cylinder  and 


the  engraved  tube  are  directed  by  means  of 
trains  of  wheelwork  (tig.  210). 
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CHAPTER  III. 

CORK-CUTTING  MACHINES. 

Cork-cutting  by  machinery  is  yet  to  be  accom- 
I '1  i.-hi 1  jus  a  commercial  problem,  though  many 
attempts  have  l»een  made  to  cope  with  the 
peculiar  difficulties  attendant  upon  the  working 
of  cork,  and  to  compete  with  the  cheap  hand- 
labour  employed  in  the  business  of  cork -cutting. 
Cork  is  elastic,  and  it  will  not  Ikj  ait,  but  tears, 
by  the  direct  pressure  of  a  knife  ;  the  cut  must  be 
a  sliding  or  slicing  cut.  Cork,  moreover,  almost 
invariably  contains  silex  or  grit,  which  increases 
the  difficulty  of  dealing  with  a  yielding  substance. 
"Whereas,  in  stone,  a  separation  may  be  accom- 
plished by  pressure  or  by  concussion,  in  cork  it 
cannot  be  accomplished  by  either ;  and  no  other 
but  a  sliding  cut  will  separate  cork  with  any 
thing  approaching  to  a  smooth  surface.  Another 
difficulty  consists  in  the  shape  of  the  raw 
material  :  it  is  in  sheets  of  very  variable  thick- 
ness, and  it  also  varies  much  in  quality  in  the 
same  sheet ;  so  that  a  machine  set  for  cutting  up 
a  sheet  into  squares  for  rounding,  cuts  to  waste 
a  large  quantity  of  material,  either  in  the 
thicker  or  thinner  part,  and  the  saving  of  time 
by  machine-cutting  is  more  than  counterbalanced 
by  the  loss  in  material.  If,  on  the  contrary, 
the  machine  bo  successively  adjusted  to  suit  the 
varying  thickness  of  the  sheet,  there  ceases  to  be 
any  advantage  in  point  of  time  over  manual 
labour. 

Many  machines  are  therefore  fed  for  rounding 
by  blanks  or  squares  prepared  and  cut  by 
hand,  the  machines  being  for  this  purpose 
set  to  one  size  :  if  the  square  be  at  all  de- 
ficient or  not  correctly  centred,  a  flat  is  left  on 
one  side  ;  and  if  the  square  be  in  excess,  there  is  a 
waste  of  material.  Whereas,  by  hand-cutting 
the  squares  are  suitably  rounded,  the  unsound 
and  unsightly  parts  are  removed,  and  the  various 
sizes  are  adjusted  afterwards;  and  thus  the 
whole  of  the  material  is  economised.  If  the 
machine,  then,  is  to  supersede  hand-labour,  it 
must  jmy  for  loss  in  material,  and  tlus  is  the 
result  that  has  yet  to  bo  attained.  Lastly,  pro- 
vision must  be  made  for  sharpening  the  cutting 
edge,  which  is  a  frequent  source  of  delay. 

Mr.  Edward  Conroy,  Boston,  U.S.,  exhibited 
a  large  cork-cutting  machine,  in  tho  motions  of 
which  much  ingenuity  was  displayed.  The 
knife  consists  of  a  rapidly  revolving  disc,  about 
30  inches  in  diameter,  on  a  vertical  axis  ;  the 
squares  are  fed  from  a  hopper,  and  are  seized  by 
and  suspended  upon  a  couple  of  three-pronged 
centres,  upon  which  they  are  rotated  horizontally 
and  held  against  the  horizontal  circular  blade. 
They  are  thus  quickly  rounded,  and  then  released 
to  make  room  for  successive  squares.  The  whole 
of  these  motions  are  self-acting  ;  the  cutting  disc 
being  advanced  and  withdrawn  alternately  from 
side  to  side,  so  as  to  cut  out  a  cork  on  each  side 
alternately.   It  is  stated  that  200  gross  of  corks 


can  be  cut  per  day  by  this  machine,— a  doubtful 
statement. 

From  the  mode  of  application  of  the  circular 
cutter  to  the  rotating  material  to  be  cut,  it 
would  appear,  that  only  a  small  portion  of  the 
cut  at  the  centre  can  be  a  true  cut;  the  remainder, 
near  each  end  of  the  cork,  subject  to  the  retiring 
portions  of  the  edge  of  the  disc,  being  partly  a 
tearing  operation.  There  is  also  an  apparent 
objection  to  the  alternate  removal  of  the  large 
disc  with  its  connections,  from  side  to  side,  to 
act  upon  such  a  small  object  as  a  cork,  which 
must  bo  attended  by  complications  of  structure 
and  absorption  of  power.  When  two  objects 
are  to  bo  brought  together  it  is  better  to  move 
the  smaller  object  and  leave  the  larger  one 
stationary.  There  is,  moreover,  the  difficulty 
and  delay  of  keeping  in  good  and  keen  condition 
the  edge  of  so  large  a  revolving  disc-blade.* 

MM.  Gartner,  Theyson,  it  Ede,  Borgholz- 
hausen,  Minden,  Prussia,  exhibited  a  cork-cutting 
machine,  in  which  the  cork  is  formed  by  a 
revolving  hollow  cylindrical  cutter  like  a 
wadding-punch,  which  descends  vertically  upon 
the  material,  and  has  a  spring  inside  to  eject  the 
the  cork  when  cut  The  exhibitors  candidly 
acknowledge  a  loss  of  25  per  cent,  in  material ; 
tho  loss  is  probably  more  than  this,  as,  by  the 
action  of  the  cutter  in  descending,  a  considerable 
excess  of  material  is  required  at  the  sides  to 
prevent  the  weakest  side  being  drawn  in.  Even 
where  a  completely  cylindrical  surface  is  cut, 
the  ends  frequently  show  the  discoloured  out- 
side surface  of  the  sheet  It  was  stated  that 
the  machine  would  cut  six  gross  of  corks  without 
stopping  for  sharpening ;  but  this  must  tie  taken 
as  a  most  favourable  estimate,  as  the  smallest 
piece  of  grit  would  occasion  a  stoppage. 

M.  Gleuzer,  Paris,  exhibited  a  cork-cutting 
machine,  which  was  the  smallest,  the  simplest, 
and  the  best  for  the  purpose.  It  indicated  in  its 
construction  a  good  knowledge  of  the  material 
to  be  dealt  with.  It  did  not  cut  the  squares, 
but  only  rounded  them,  in  a  manner  nearly 
approaching  to  tho  hand  or  sliding  cut  This 
was  effected  with  a  knife  about  18  inches  long, 
which  at  every  return  stroke  touched  a  little 
stock  of  grease  to  lubricate  it  just  sufficiently  to 
prevent  its  raw  surface  hugging  tho  cork, — a 
tendency  well  understood  by  cork-cutters.  By 
the  same  motion  that  forwards  the  knife  on 
the  cutting  stroke,  the  cork  is  rotated  on  its  axis 

*  Mr.  Conroy's  cork-cutting  machine  is  thus  heralded 
by  Mr.  J.  £.  Holmes,  tho  Commissioner  from  the  United 
States,  in  his  official  catalogue : — "A  good  cork-catting 
machine,  with  the  rust  drinking  propensities  of  man- 
kind, is  very  desirable ;  and,  bat  for  the  constant  wish 
and  desire  of  my  life  that  tho  intoxicating  beverages 
so  common  in  the  world  were  banished  from  existence, 
I  suppose  I  should  go  into  ecstasies  over  this  invention. 
Sorely,  a  machine  that  will  redace  the  expense  of  cat- 
ting from  sixpence  or  oightpence  per  gross  to  twopence, 
will  be  considered  a  pecuniary  success,  and  its  value 
will  be  estimated  accordingly,  though  death  larked  in 
cvory  bottlo  from  which  a  cork  should  be  withdrawn." 


Digitized  by  Google 


CORK  CUTTrNG  AND 


in  such  a  manner  that  the  comers  of  the  square 
are  first  removed,  and  the  body  is  then  finished 
to  a  smooth  round  surface.  This  compound 
movement  is  not  required  for  small  corks.  The 
machine  cuts  a  cork  to  any  conical  form.  There 
is  no  waste  of  material,  and  the  case  and  rapidity 
with  which  the  knife  can  be  sharpened,  together 
with  the  small  cost  of  renewing  it,  are  points  in 
favour  of  the  machine. 

It  is  to  be  remarked  that  no  cork-cutting 
machines  were  presented  for  exhibition  in  the 
English  department 


CHAPTER  IV. 
connNa  MACHINES. 

Messrs.  J.  R.  Pinches  6c  Co.,  London,  exhi- 
bited a  Jly-prc*8  for  coining  by  hand,  constructed 
for  the  exhibitors  by  Messrs.  James  Watt  «fc  Co., 
Soho.  It  was  employed  in  the  Process  Court 
in  striking  medals  in  aluminium, — illustrating 
the  adaptability  of  that  new  metal  for  the  pur- 
pose. The  screw  is  G  inches  in  diameter,  with 
three  threads  of  5^  inches  pitch.  The  double- 
swing  lever  is  9  feet  long,  and  the  weight  of  the 
lever  and  screw  together  is  13  cwt.  The  press 
altogether  weighs  3i  tons  (fig.  211). 

M.  H.  Uhlhorn,  Diisseldorf,  exhibited  a  self- 
acting  coining  vmchiiw,  at  work,  on  a  system 
extensively  in  use  on  the  Continent.  The  chief 
novelty  consists  in  the  manner  of  distributing 
the  blanks,  aud  a  self-acting  motion  for  stopping 
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the  machine  when  the  blanks  are  exhausted,  to 
prevent  its  being  injured  for  want  of  blanks. 
For  this  purpose  the  layer-on  is  made  to  place 
the  blank  at  a  little  distance  from  the  coin  under 
a  small  spring  which  takes  hold  of  it.  While 
the  same  layer-on  runs  back  to  bring  another 
blank,  a  small  pin  descends  upon  the  first  and 
touches  it  through  a  hole  bored  in  the  spring,  to 
ensure  that  there  is  one,  and  to  keep  it  in  its 
place  till  the  layer-on  closes  one  hand,  takes  it 
to  the  coin,  and  with  another  hand  brings  the 
second  blank  under  the  spring,  and  so  on.  If 
there  are  no  more  blanks,  the  pin,  not  finding 
one  of  them  under  the  spring,  continues  its 
motion  through  the  hole  and  stops  the  machine. 

Messrs.  J.  P.  Cail  «fc  Co.,  Paris,  exhibited  a 
coininy-prets  capable  of  turning  out  from  40  to 
45  five-franc  pieces  per  minute. 


SECTION  IV. 

MACHINES  FOR  MANUFACTURING  AND  WORKING  IN  PAPER. 


The  maclAnes  employed  in  manufacturing 
and  working  in  paper  are  designed,  in  the  first 
place,  to  manufacture  paper  from  linen  rugs  and 
other  fibrous  material,  to  print  or  emboss  ujmhi 
paper,  to  fold  sheets  of  paper,  and  to  form  bags, 
envelopes,  or  packages. 


CHAPTER  I. 

PAPER-MAKING  MACHINERY. 

Two  paper-making  machines  were  exhibited 
in  the  English  section,  resj>ectively  by  Messrs. 
Bryan  Donkin  <fc  Co.,  London,  and  by  Mr. 
George  Bertram,  Edinburgh.  Two  machines  of 
Belgian  manufacture  were  exhibited,— one  by 
M.  Laroche,  of  Brussels ;  and  one  by  M.  Dautre- 
band,  Huy. 


Mr.  Bertram's  is  an  80-inch  machine,  designed 
to  turn  out  paper  at  100  feet  per  minute.  The 
knotter,  fitted  with  Watson's  cut  plates,  is  pivoted 
at  one  end  and  lifted  by  a  cam-shaft  at  the  other 
end,  making  1 80  revolutions  per  minute,  with  four 
cams  to  make  720  lifts  per  minute,  the  height 
of  the  lift  being  from  -jL  to  \  inch,  and  the  fall 
being  uj>on  a  piece  of  thick  leather.  The  pulp 
is  agitated  by  a  revolving  fan  in  the  pulp-vat. 
The  wire-frame  contains  40  brass  rollers,  2  inches 
in  diameter,  about  \  inch  clear,  with  wrought- 
iron  journals,  working  in  brass  l>earings  cast  in  seg- 
ments to  hold  ten  rollers  each,  each  segment  being 
separately  adjustable  for  local  wear.  The  breast 
rolls  to  deliver  the  wire-cloth,  and  the  carrying 
rolls  below  the  shaker,  are  all  suspended  in  the 
frame,  and  move  parallel  with  it  when  shaken, 
to  keep  the  wire  cloth  even  and  free  from 
twisting  strain.  A  save-all  box  is  placed  below 
the  wire-frame  to  collect  the  water  from  the 
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pulp,  whence  it  is  pumped  back  to  the  pulj>-vat. 
There  are  two  vacuum-boxes,  having  perforated 
bran  covers ;  one  of  them  is  fixed  on,  and  moves 
with  the  wire  frame  ;  the  other  in  fixed  beyond 
the  wire  frame.  The  upper  couch  roll  is  of  ma- 
hogany, the  lower  of  copjjer,  and  both  arc  felted. 
The  pressure  is  applied  through  a  weighted 
lever.  There  arc  two  pairs  of  press-rolls,  of 
which  the  upper  rolls,  14  inches  in  diameter, 
arc  of  cast  iron  ground  to  a  true  surface ;  the 


lower  ones  are  12  inches  in  diameter,  and  being 
enclosed  in  felt  and  not  easily  got  at,  are  covered 
with  jj-inch  brass.  Strum  is  passed  through 
the  upper  rolls.  There  are  eight  drying  cylin- 
ders, 3£  feet  in  diameter,  heated  by  exhaust 
steam  from  the  engine  through  the  journals, 
with  manholes  and  doors  atone  end.  The  paj»er 
is  passed  through  a  third  pair  of  rolls  for  glazing 
the  surface  when  partially  dried,  after  it  boa 
been  passed  over  five  of  the  drying  cylinders, 
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80.IVCB  1'irBii-VAKiMG  MiChise,  by  Mr.  George  Bertram,  Edinburgh,    (a,  the  kaotter  or  pulp-strainer,  and 


and  before  it  is  passed  over  the  last  three 
cylinders.  The  glazing  rolls  are  naked  and 
are  heated  by  exhaust  steam ;  they  act  by 
their  own  weight.  From  the  drying  cylinders 
the  paper  passes  through  two  pairs  of  finishing 
cylinders  or  rolls,  loaded  by  springs,  and  is  finally 
reeled  or  drawn  off  through  a  pair  of  wooden 
rollers,  driven  by  a  friction-connected  pulley, 


with  two  leather-washers  screwed  up  against 
the  nave.  The  rollers  being  driven  a  little 
faster  than  the  paj)er  is  delivered  to  them,  the 
paper  drags  and  is  kept  taut.  The  "  single- web 
cutter  "  at  the  end  of  the  machine,  for  cutting 
the  paper  into  Bhcets,  is  on  Crompton's  principle, 
and  consists  of  a  continuously  revolving  knife 
fixed  upon  a  series  of  rings  on  a  central  shaft, 
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and  balanced  by  a  counterweight.  The  knife  is 
carried  acrotw  the  machine  from  aide  to  aide  of 
the  web,  at  a  alight  angle,  bo  as  to  make  a  shear 
cut  oa  it  passes  the  "  dead  "  or  stationary  knife. 
The  speed  of  the  rotary  cutter-shaft  is  regulated 
for  the  various  lengths  of  sheets  required,  by 
means  of  a  double-cone  expanding  and  collating 
belt-pulley,  revolving  more  quickly  and  cutting 
off  in  quicker  succession  the  shorter  the  sheet 
required  (fig.  212). 


Messrs.  Donkin  &  Co.'s  is  a  90-inch  machine 
for  a  maximum  speed  of  production  of  100  feet 
per  minute.  The  pulp  is  introduced  on  a  Band- 
catcher,  G  feet  wide  and  G  feet  6  inches  long, 
with  a  cast-iron  bed  coated  with  zinc,  and  formed 
with  a  series  of  ridges,  over  which  the  pulp 
travels,  and,  on  its  way  to  the  knotter,  deposits 
the  sand  contained  in  the  water  in  the  hollows. 
The  knotter  or  pul|>-strainer  has  21  square  feet 
of  area,  with  a  total  length  of  800  feet  of  slits, 
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fully  one-hundredth  of  an  inch  in  width.  It  is 
agitated  by  a  parallel  up-and-down  motion — 
500  to  GOO  times  per  minute — and  the  whole 
surface  is  uniformly  agitated,  and  is  all  made 
available  for  straining  the  pulp.  The  wire-cloth 
is  carried  on  copper  rollers  with  brass  pivots 
running  in  notches  or  bearings  cut  on  the  edges 
of  two  bars  of  iron.    A  self-acting  wire-guide 


is  applied,  to  keep  the  wire-cloth  in  a  straight 
course  ;  it  acts  by  shifting  horizontally  one  end 
of  the  turn-over  roller  on  which  the  cloth  re- 
volves, so  as  to  alter  the  angle  of  the  roller,  and 
induce  the  cloth  to  keep  the  middle  course. 
The  couch  rollers  are  of  copper,  with  adjusting 
screws  to  regulate  the  pressure.  There  are 
three  pairs  of  rolls  or  felt  presses,  and  six  drying 
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cylinders  of  cast  iron,  J  inch  thick,  4  feet  in 
diameter.  There  are  two  presses  to  smooth  the 
surfaces  of  the  pajwr,  each  consisting  of  tliree 
ground  rolls.  The  cutting  machino  is  fitted 
with  a  pair  of  circular  cutters  or  shears,  which 
revolve  in  contact  to  cut  the  paper  longitudinally 
into  strips,  and  with  a  long  transverse  movable 
knife,  which  reciprocates  horizontally,  and  cuts 
off  the  paper  against  a  dead  knife.  The  length 
of  paper  to  be  cut  off  is  regulated  by  a  vibrating 
roller,  which  takes  the  paper  witli  it,  and  draws 
or  measures  out  the  required  length  for  each  cut, 
the  lengths  being  regulated  by  the  extent  of  the 
vibration  of  the  roller  (figs.  213). 


In  the  machine  by  Messrs.  Laroche  <fc  Co., 
the  paper  is  collected  on  reels,  and  is  subsequently 
cut  by  slitting  up  in  one  operation  the  whole 
number  of  coils  upon  the  reeL  The  rollers  for 
carrying  the  wire  cloth  are  small  and  far  apart, 
their  journals  are  of  wrought  iron,  working  in 
square  notches,  cut  in  the  edge  of  the  cast-iron 
frame.  The  vacuum-boxes  have  no  perforated 
covers,  the  action  takes  place  directly  through 
the  wire-cloth  jiassing  over  them,  the  vacuum 
being  prcxluced  by  the  fall  of  water  through  the 
discharge  pipes,  whilst  the  box  is  kept  full  of 
water. 

In  If,  Dautreband's  machine,  the  knotters  are 
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in  sheet  brass,  the  pulp  is  strained  first  down- 
wards, then  upwards,  and  the  motion  takes  place 
upon  pivots  at  one-third  of  the  length  of  the 
knotter. 

Remarks  on  the  Paj)er-making  Machines. — 
The  sand-catcher  applied  by  Messrs.  Donkin 
is  useful  when  there  is  sand  in  the  pulp,  which  is 
diluted  with  about  eighty  times  its  weight  of  water. 
It  is  to  be  observed  that  the  width  of  the  wire 


cloth  is  the  principal  element  which  determines 
the  capabilities  of  a  paper-making  machino  for 
rapidity  of  production.  Mr.  Bertram  showed 
only  one  knotter  in  his  machine  of  the  kind 
most  commonly  used,  and  considered  by  most 
paper-makers  to  be  the  best  ;  but,  for  the 
increased  quantity  of  paper  now  turned  out  by 
such  machines,  and  the  greater  width  of  paper- 
machines,  it  is  found  that  two,  or  three,  or  even 
five  such  strainers  may  with  benefit  be  applied 
to  machines  of  the  magnitude  of  tho  English 
machines  exhibited.  With  a  sufficient  extent 
of  straining  surface  the  pulp  is  found  to  be  much 
better  cleared,  and  at  less  cost  than  with  many 
of  the  other  contrivance*  that  have  been  designed 
for  the  purpose.  With  the  radial  shake  of  Mr. 
Bertram's  knotter,  quiet  corners  are  provided 
for  the  collection  of  the  knots  which  gradually 
settle  there,  and  may  be  removed  at  pleasure ; 
whilst,  with    the  parallel   shake  of  Messrs. 
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Donkin's  machine,  the  knots  settle  equally  over 
the  surface,  and  require  to  be  more  frequently 
removed  to  prevent  their  stopping  the  straining 
slits. 

The  wire-frame  or  table  is  the  most  important 
part  of  the  machine,  as  the  paper  in  the  state 
of  pulp  receives  its  first  impression  from  the 
wire  cloth.  There,  it  is  made  uniform  or  other- 
wise in  texture,  even  or  uneven  in  thickness, 
and  is  closely  or  openly  "  put  together."  The 
other  j tarts  of  the  machine  are  employed  only 
in  finishing  off"  what  is  in  the  first  instance  done 
upon  the  table.  It  is  therefore  apparent  that  the 
wire-table  cannot  be  too  nearly  exact  in  construc- 
tion or  too  nearly  perfect  in  its  movements.  In 
all  the  best  English  mills,  paper-making  machines 
are  driven  at  s|>eeds  of  100  feet  per  minute  and 
upwards  ;  so  that  if  the  endless  web  of  wire 
cloth  be,  as  in  Mr.  Bertram's  machine,  33  feet 
long,  it  makes  three  complete  revolutions  per 
minute,  and  the  sliake  which  is  given  to  the 
wire-frame  for  the  purjKwe  of  weaving,  as  it 
were,  or  thoroughly  uniting  the  fibres  of  the  pulp 
together,  must  always  be  proportional  to  the 
speed  of  the  wire.  The  tube-rolls  for  supporting 
the  wire,  in  Mr.  Bertram's  80-inch  machine,  are 
numerous  and  closely  set,  and  are  as  large  as 
those  of  Messrs.  Donkin's  90-inch  machine.  In 
this  respect,  the  Belgian  machines  are  inferior 
to  the  English,  as  the  tubes  are  neither  so  close 
nor  ao  large;  whereas,  apart  from  the  steadier 
bearing  afforded  to  the  cloth,  the  more  numerous 
the  point*  of  contact  of  the  wire  cloth  with  the 
rolls,  the  greater  is  the  facility  for  discharging 
the  water  from  the  pidp. 

An  important  feature  in  the  arrangement  of 
the  wire-frame  of  Mr.  Bertram's  machine,  is  that 
the  tube-rolls,  the  breast-rolls,  and  all  the  other 
rolls  connected  with  the  wire-frame  are  slung  or 
suspended  entirely  from  the  side  bars  of  the 
frame ;  but,  in  the  other  machines,  whilst  the 
tube-rolls  oscillate  with  the  wire-frame,  others 
of  the  rolls  are  centred  on  the  fixed  sup- 
porting standards,  causing  thereby  an  uneasy 
twisting  and  straining  movement  of  the  wire- 
cloth  when  shaken.  This  is  one  of  the  main 
considerations  in  manufacturing  paper  at  a  high 
speed,  and  if  the  wire-frame,  with  the  wire,  be 
not  rigid  and  steady,  not  only  is  the  paper 
imperfectly  made,  but  the  cloth,  which  is  expen- 
sive, is  quickly  destroyed  by  the  unequal  twist 
to  which  it  is  subjected  in  the  shaking  process. 
So  great  is  the  difference  in  performance  due  to 
the  arrangements  for  shaking  the  wire-frame, 
that  whilst  on  88-inch  machine,  with  a  properly 
constructed  wire-frame,  is  capable  of  moving  at 
the  rate  of  110  feet  per  minute,  making  25  tons 
of  j>apcr  per  week,  other  machines  with  the  wire- 
frame as  commonly  mounted  cannot  be  worked 
at  more  than  from  30  to  40  feet  per  minute, 
turning  off  from  8  to  10  tons  of  paper  per  week. 

The  next  point  relates  to  the  means  of 
expressing  the  water  from  the  paper  when  it 
leaves  the  wire  cloth.    This  is  done  by  the  first 


and  second  press  rolls.  The  brass  jackets 
applied  to  the  lower  rolls  in  Mr.  Bertram's  ma- 
chine, maintain  the  surfaces  in  proper  condition 
for  pressing  the  paper.  Cast-iron  surfaces  become 
gradually  decomposed  and  roughened  under  the 
action  of  the  acids  in  the  pulp,  and  are  thus 
rendered  unfit  for  the  purpose  of  pressing  the 
web  equally  throughout.  Messrs.  Donkin  apply 
three  pairs  of  press  rolls  instead  of  two 
pairs,  as  usual,  with  the  view  of  reducing  the 
work  to  be  done  by  the  drying  cylinders,  and  to 
save  fuel. 

The  interpolation  of  the  smoothing  rolls  by 
Mr.  Bertram  amongst  the  drying  cylinders, 
enables  him  to  give  a  fine  smooth  surface  to 
the  paper  whilst  it  is  yet  damp,  by  the  simple 
weight  of  the  upper  cylinder,  without  having 
recourse  to  "heavy  rolling"  by  the  calender 
beyond  the  cylinders,  after  the  paper  has  become 
completely  dry.  The  spur-wheels  for  driving 
the  drying  cylinders  are  fixed  by  Mr.  Bertram 
direct  upon  the  ends  of  the  cylinders  within 
the  frame,  an  arrangement  which  is  favourable 
for  producing  steady  and  smooth  work. 

The  cutting  machinery  employed  by  Mr. 
Bertram  is  adapted  by  its  continuous  revolving 
movement  to  work  steadily  and  with  precision 
at  high  8]>eeds,  even  faster  than  the  attendants 
can  conveniently  remove  the  sheets.  The  ori- 
ginal inventor,  Mr.  Crompton,  experienced  great 
difficulty  in  getting  the  paper  cut  to  any  par- 
ticular lengths,  with  the  change-wheels  he 
employed  for  regulating  the  size  of  the  sheet. 
Mr.  Bertram  has  overcome  that  difficulty  by 
substituting  an  endless  and  seamless  belt  to 
drive  the  revolving  crosscut  knife,  in  combina- 
tion with  an  expanding  pulley  and  a  few  changes 
of  ordinary  pulleys  on  the  end  of  the  leading 
rolls.  The  collapsible  reels  exhibited  by  Messrs. 
Laroche  Jc  Co.,  for  winding  the  paper  delivered 
from  the  machine,  are  applied  in  the  manner 
practised  in  England  forty  years  ago,  when  the 
paper  was  reeled  off  in  the  wet  state  before 
drying  cylinders  were  invented.  The  paper  is 
reeled  off  until  it  attains  a  few  inches  in  thick- 
ness, when  it  is  cut  through  by  means  of  saws  or 
scythes  into  two  or  more  sections,  and  removed 
and  cut  up  into  sheets.  There  is  an  obvious  diffi- 
culty in  obtaining,  by  this  mode,  sheets  of  equal 
length.  It  has  been  entirely  abandoned  in 
England  for  the  cutting  machine. 

Sundry  Pieces. — Mr.  T.  Marshall,  London, 
exhibited  a  revolving  strai7ier  with  six  sides, 
which  dip  successively  into  a  vat  hung  below 
the  Btrainer.  This  is  a  costly  arrangement, 
having  a  large  proportion  of  inactive  surface. 

Mr.  A.  Siebe,  London,  exhibited  a  cylindrical 
paper-knotting  machine,  consisting  of  three 
cylindrical  strainers  or  sieves  placed  in  a  pulp- 
chest,  into  which  the  pulp  is  poured  from  above, 
and  in  which  it  is  agitated  by  fans,  one  in  each 
strainer,  which  are  put  in  rapid  vibratory  motion 
on  their  axes.  By  the  centrifugal  action  thus 
excited,  the  pulp  is  forced  laterally  through  the 
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sieves  into  the  pulp-cheat,  leaving  the  knots  to 
fall  to  the  bottom  of  the  sieves. 

Messrs.  PreutLs  ii  Gardner,  Maidstone,  ex- 
hibited a  strainer,  of  a  wedge  form,  depending 
from  a  rocking  shaft  into  a  vat,  and  rocked 
laterally.  The  lateral  action  strains  the  pulp 
through  the  sides  of  the  strainer  into  the  vat 

Mr.  H.  Watson,  Ncwcastle-on-Tyne,  ex- 
hibited samples  of  his  strainer-plates,  which 
have  already  l>een  noticed.  They  are  the  most 
efficient  for  the  purpose  yet  manufactured,  par- 
ticularly for  high  sjMieds  of  delivery.  The 
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peculiarity  of  these  plates  consists  in  their  being 
made  with  stiffening  ribs,  to  prevent  their 
springing  when  at  work,  and  combining  strength 
and  lightness  (tig.  214). 

Messrs.  G.  Tidcombe  &  Son,  Watford,  ex- 
hibited a  paper-cutting  machine.,  which  answers 
fairly  for  moderate  s]>eeds,  but  is  ]ierha]>s  too 
much  complicated  with  cranks  and  back-throws 
to  act  correctly  at  high  sj»eeds. 

Mr.  J.  Lamb,  Newcastle-on-Tyne,  exhibited 
a  jmper-lnying  apjmratus,  suitable  only  for  low- 
speed  machines. 

Conclusion. — Though  no  great  or  radical 
change  has  been  made  in  pa|jer-making  ma- 
chinery since  1851,  yet  both  the  quality  and 
quantity  of  production  have  been  greatly  in- 
creased. Whereas  the  machines  of  1851  could 
turn  off  about  five  or  six  tons  of  paper  per  week, 
or  in  some  cases  ten  tons  per  week,  machines  are 
now  manufactured  capable  of  turning  out  twenty 
to  twenty -five  tons  jwr  week.  This  increase  of 
productive  power  is  due  to  the  much  greater  size 
of  the  machines  now  made — tliat  is  to  say,  they 
are  made  of  greater  width  and  with  a  greater 
number  of  drying  cylinders,  so  that  the  pa|x»r 
may  be  dried  at  a  greater  speed  of  production. 
Recently- made  machines,  also,  are  made  more 
firmly  and  comi»actly,  the  rollers  and  cylinders 
being  placed  more  closely  together  to  prevent 
the  paper  from  vibrating  in  passing  from  one 
roller  to  another,  and  to  afford  greater  facility 
in  leading  the  paper  through  the  machine.  The 
Continental  machines  are  narrow,  and  more  like 
the  English  machines  of  1851  than  those  of 
1862.  Paper-making  machines  in  England  are 
now  made  from  80  to  92  inches  in  width. 


CHAPTER  II. 

TYPE-FOUNDING  MACHINES. 

Messrs.  Johnson  <fc  Atkinson,  London,  ex- 
hibited a  complete  type-casting  and  finishing 
apparatus,  in  which  the  type-metal,  kept  melted 
in  a  cistern  heated  by  a  gas-bumer,  is  forced  by 
the  usual  small  puinp  into  the  mould  at  the 
moment  it  comes  into  contact  with  the  side  of 
the  cistern.  The  type  cast  at  each  stroke  is 
pushed  out  of  the  mould,  which  is 
formed  in  three  pieces,  separated  after 
each  casting,  and  is  carried  by  a  tra- 
veller to  a  series  of  cutters,  by  which 
the  shanks  are  taken  off,  the  types 
rubbed  and  dressed,  the  lwttom  planed, 
and  the  nicks  cut  This  finishing  pro- 
cess is  a  distinctive  feature  of  the 
machine. 

Messrs.  R.  Besley  St  Co.,  London, 
exhibited  a  type -casting  machine,  in 
which  the  melted  metal  is  held  in  a 
ith  a  well  and  piston.  The  piston  is 
worked  by  a  cam,  through  a  crossbar  attached 
to  the  piston-tod,  with  a  side  lever  and  connect- 
ing-rod. A  "jobber"  is  fixed  to  the  pan  to  pre- 
vent the  return  of  the  metal  after  it  is  pumped 
into  the  mould,  which  is  fixed  to  the  front  of  the 
machine,  and  is  held  against  the  pan  whilst  the 
type  is  being  cast.  When  the  type  is  cast,  the 
mould  is  drawn  back  by  means  of  a  spiral  spring, 
and  is  opened  by  means  of  a  bar  and  rod,  which 
are  also  used  for  delivering  the  matrix.  The 
machine  is  driven  by  a  lever  and  crank. 

M.  Haas,  Bale,  exhibited  a  type-casting  ma- 
cJiine,  in  which  the  moving  parts  were  very 
heavy. 

The  great  advantage  of  those  machines  con- 
sists in  the  increased  facility  of  production. 
One  machine  and  one  man  will  produce,  in  ten 
hours,  30,000  brevier  types  (or  60  lbs.),  while 
by  manual  labour  only  5,000  types  (or  10  lbs.) 
can  be  cast  in  the  same  time.  One  casting 
machine,  therefore,  may  be  considered,  on  the 
average,  as  equal  to  six  men  employed  on  the 
same  description  of  labour. 
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CHAPTER  III. 

TYPE-COMPOSING  AND  DISTRIBUTING  MACHINES. 

Type-composing  and  distributing  machinery 
was  successfully  worked  at  the  Exhibition,  and 
was  exhibited  by  Mr.  W.  H.  Mitchell,  London  ; 
by  Youngs  Patent  Type  Composing  and  Dis- 
tributing Machine  Company,  London ;  and  by 
M.  Delcambre,  Paris. 

M.  Jorensen,  of  Copenhagen,  exhibited,  in 
1855,  a  composing  machine  which  justly  at- 

It  was,  how- 
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ever,  a  costly  machine,  and  had  a  fault  common 
to  all  machines  in  which  the  types  are  moved 
simply  by  the  action  of  gravity  upon  an  inclined 
plane :  the  velocity  of  travel  is  of  course 
limited,  as  the  letters,  particularly  the  lighter 
ones,  are  subject  to  be  retarded  by  very  slight 
obstructions,  and  an  »i  started  after  an  i  may 
occasionally  arrive  before  it. 

In  Mr.  Young's  composing  machine,  and  in  M. 
Delcambre's,  which  is  the  same  as  Mr.  Young's, 
separate  compartments  or  "reservoirs"  are  pro- 
vided for  all  the  letters  of  a  fount.  Each  reser- 
voir is  provided  with  a  small  lever,  connected  to 
one  of  a  number  of  keys  placed  side  by  side,  as  on 
the  keyboard  of  a  pianoforte.  When  a  key  is  struck 
by  the  compositor,  a  tyj>e  is  pushed  out  of  the  reser- 
voir and  is  caused  to  slide  down  an  inclined  plane, 
and  thence  into  a  receiver,  where  it  is  set  up 
side  by  side  with  other  types  by  means  of  a 
beater.     By  this  means  it  is  said  that  from 


12,000  to  15,000  types  may  be  set  up  in  one 
hour.  The  system  of  converging  grooves  ar- 
ranged in  an  inclined  plane  by  Mr.  Young,  is 
so  planned  that  all  the  letters  have  the  same, 
or  nearly  the  same,  distance  to  travel  from  the 
reservoirs  to  the  receivers  (fig.  215). 

Mr.  Mitchell  avoids,  in  his  compositor,  the 
I  difficulty  of  the  unequal  drag  on  the  inclined 
!  plane,  already  referred  to,  by  supplying  a  means 
of  carriage  independent  of  gravity — namely, 
endless  tapes  circulating  horizontally.  The 
machine  is,  in  shnpe,  a  right-angled  triangle, 
placed  horizontally,  with  a  key-board  at  one 
of  the  sides,  furnished  with  thirty  nine  keys. 
Each  key,  when  pressed,  strikes  out  a  ty|>e 
from  one  of  an  equal  number  of  brass  slides 
standing  at  an  incline  iqiou  the  machine,  in  a 
row  nearly  undid  with  the  key-board.  The 
type  thus  liberated  is  conveyed  upon  a  band, 
moving  in  a  direction  at  right  angles  with  tho 
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key-board  to  another  band  (forming  the  hypo- 
thenuse  of  the  triangle),  which  carries  it  on  to 
its  destination.  Arrived  here,  it  is  placed  on 
end  and  pushed  forward  to  make  room  for  the 
next  type,  by  means  of  a  notched  or  serrated 
wheel  called  the  "  setting  wheel."  The  words 
are  thus  put  together  with  great  rapidity  in  a 
long  line  of  about  thirty  incites,  which  is  after- 
wards divided  by  the  compositor  into  lines  of 
the  required  length. 

The  principle  of  the  machine-  consists  in 
the  combination  of  bands,  of  such  lengths  and 


such  velocities  as  to  enable  tho  types,  at  dif- 
ferent distances  from  the  wheel,  to  reach  it  in 
the  order  in  which  the  keys  are  struck. 

The  comj>ositor  is  capable  of  setting  up  types 
at  the  rate  of  six  letters  per  second,  or  21,600 
per  hour;  but  as  the  human  fingers  cannot 
attain  to  such  rapidity,  and  allowance  must  be 
made  for  the  operations  of  "justifying"  and  "cor- 
recting," the  work  of  an  average  trained  operator 
will  probably  not  exceed  21,000  or  25,000  ens 
per  day,  which  Ls  about  equal  to  the  work  of  two 
men  setting  up  type  in  the  ordinary  mode.  A-s 
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each  machine  can  employ  two  operators,  the 
daily  production  is  about  50,000  ens  (fig.  2 1 G). 

The  distributor,  exhibited  by  Mr.  Mitchell, 
is  a  small  machine  of  circular  form.  The  lines 
of  type  to  l>e  distributed  are  placed  successively 
in  a  long  channel,  in  which  they  are  pressed 
forward  towards  a  vibrating  metal  "  finger." 
By  this  linger  each  type  is  serrated  from  the 


line,  pushed  aside,  and  dropj>ed  on  to  a  grooved 
brass  wheel  revolving  horizontally.  In  the 
grooves  of  this  wheel  pins  are  placed,  on  which 
the  tyjK's  are  hung  by  means  of  nicks,  the  ends 
of  the  tyjies  projecting  below  the  under  surface 
of  the  wheel  at  distances  varying  according  to 
the  jsmition  of  the  nicks.  As  each  letter  arrive* 
over  its  receptacle,  it  is  lifted  off  its  pin  and 
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dropjied  into  its  place,  being  pushed  a  little 
forward  to  make  way  for  the  next  arrival. 
When  the  line  is  filled  in  this  way,  it  is  removed 
by  the  boy  to  the  comjtositor.  The  distributor 
is  self-acting,  and  requires  only  tho  attention  of 
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a  bov.  It  distributes  8,000  letters  per  hour 
(fig.  217). 

Both  machines  have  been  successfully  used 


with  tyjx)  ranging  in  size  from  great  primer  to 
brevier.  They  have  been  worked  for  several 
years  in  America,  and  have  been  recently  intro- 
duced in  England  and  Scotland.  As  compared 
with  the  present  mode  of  type-setting,  the 
following  advantages  are  claimed  for  these 
machines : — 1.  An  economy  of  labour  varying 
from  30  to  50  jrt  cent.,  according  to  the 
character  of  the  work.  2.  Greater  facility  in 
acquiring  the  printer's  art,  whilst  it  renders  his 
occupation  comparatively  light  and  healthy. 
3.  Decrease  in  the  wear  of  type,  whilst  a  smaller 
quantity  is  sufficient  for  a  given  amount  of  work. 

Mr.  J.  Coryton,  London,  exhibited  his  type- 
composer,  of  which  the  object  is  to  enable  the 
compositor  to  make  as  well  as  to  set  up  the  type 
for  letter-press  printing.  This  is  done  by  stamp- 
ing successively  each  letter  upon  the  edge  of  a 
liar  of  soft  type-metal.  The  mechanism  for 
carrying  out  this  system  consists  simply  of  a 
"  matrix-box,"  and  a  fly  or  lever  press  similar  to 
those  used  for  eml>ossing.  The  matrix-box  (of 
hard  copjier)  lias  on  its  under  edge  all  the  letters 
and  symbols  requisite  for  printing,  struck  into 
it  from  a  steel  die,  the  sides  of  the  letters  l>eing 
parallel  to  the  length  of  the  bar.  This  bar  is 
moved  to  and  fro  by  the  cotnjioHitor  (with  his 
right  hand)  in  a  transverse  slot  at  the  lower  end 
of  the  plunger  of  the  press,  the  letters  required 
to  bo  stamped  lwing  each  time  brought  into  or 
the  middle  of  the  plunger.    The  perfect 
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accuracy  of  adjusting  the  letter  before  stamping 
is  insured  by  means  of  stops  or  pins  within  the 
plunger,  which  as  the  letter  is  brought  down  oc- 
cupy recesses  in  the  edge  of  the  matrix-box.  The 
plunger  is  worked  with  the  compositor's  left  hand, 
and  recovers  itself  by  a  spring  after  the  blow  has 
been  given,  and  the  letter  made.  As  the  plunger 
rises,  tho  type-metal  bar  is  moved  forw.-trt  by 
a  spring  kept  in  tension  by  a  screw  con- 
nect«*l  with  tho  plunger,  and  is  prevented 
moving  further  than  the  length  of  the  letter 
formed,  by  coming  in  contact  with  the  upper 
j>art  of  the  orifice  in  a  steel  cutter,  working  on 
a  pivot  at  right  amgles  to  the  type-bar.  When 
the  word  Is  complete,  a  smart  action  of  the 
cutter  severs  it  from  the  rest  of  the  bur.  The 
woids  thus  severed  are  set  up  and  adjusted  in  a 
grooved  chase. 

By  this  system  it  is  considered  that  economy 
and  dispatch  are  both  promoted ;  so  long  as  there 
is  a  supply  of  ty]>e-metal  there  will  always  be  a 
supply  of  type,  while  to  the  rapidity  of  composi- 
tion there  is  no  limit  but  the  dexterity  of  the 
operator  in  adjusting  the  matrix-lwx  and 
bringing  down  the  plunger  of  the  press. 


CHAPTER  IV. 

PRINTING  PRESSES. 

Printing  presses,  English  and  foreign,  were 
exhibited  in  considerable  numbers.  The  hand- 
presses,  with  the  exception  of  Mr.  Napier's, 
presented  the  stereotyped  forms  generally 
adopted  by  constructors,  and  patronized  by  the 
users,  in  which  the  figures  of  monstrous  brutes 
are  made  to  do  duty  as  levers,  and  are  likewise 
interwoven  into  the  framing.  It  may  be  im- 
possible to  predicate  where  those  monsters  were 
originated  ;  but  they  would  puzzle  a  zoologist  to 
classify  them. 

The  report  of  the  jury  on  Letter-press 
Printing  contains  the  following  useful  sum- 
mary of  the  progress  of  newspaper-printing : — 
Since  1851  two  very  remarkable  changes 
have  taken  place  in  the  machinery  for  news- 
paper-printing, but  neither  of  these  changes  can 
be  said  to  be  represented  in  the  present  Exhibi- 
tion. Tho  first  of  these  is  the  extensive  intro- 
duction into  this  country  of  the  horizontal  four, 
six,  eight,  and  ten-cylinder  printing  presses  by 
Messrs.  Hoe  «fc  Co.,  of  New  York  ;  the  second, 
the  application  of  stereotyping  to  the  rapid, 
safe,  and  economical  production  of  newsjwpers 
having  a  large  circulation.  The  printing  presses 
of  Messrs.  Hoe  &  Co.  liad,  like  Applegath's 
vertical  machines,  been  invented  previous  to 
1851,  and  cannot  therefore  be  regarded  as 
novelties ;  but  at  that  date  only  one  had  been 
introduced  into  Europe,  and  no  sample  or  even 
model  was  exhibited  in  Hyde  Park.  There  is  a 
small  model  of  the  ten-cylinder  press  in  this 


Exhibition,  but  nothing  else,  to  illustrate  the 
mechanism  by  which  the  principal  newspajwrs 
of  the  metropolis  and  great  provincial  towns  are 
printed.  The  first  presses  sent  by  Messrs.  Hoe 
tk  Co.  to  this  country  were  for  Lloyd's  Weekly 
Newsjmjter,  and  were  of  the  six-cylinder  size. 
These  were  followed  by  two  ten-cylinder  ma- 
chines, ordered  by  Mr.  Walter  for  the  Times, 
with  the  condition  that  they  were  to  be  made 
by  an  English  machinist,  who  should  be  ap- 
proved by  him.  The  Star  and  the  MancJiester 
Examiner  also  ordered  Hoe  presses  of  English 
make,  and  the  example  thus  set  was  sjwedily 
followed  by  the  Manchester  Guardian,  the  Daily 
Tehgraph,  the  Scotsman,  the  Illustrated  London 
News,  and,  in  fact,  all  the  leading  papers  in  the 
United  Kingdom.  The  experience,  however, 
of  the  English -made  machines  had  meanwhile 
(probably  from  the  novelty  of  the  manufacture) 
not  been  quite  so  satisfactory  as  that  of  those 
produced  by  Messrs.  Hoe  «k  Co.  ;  and  this  gave 
a  decided  preference  to  the  New  York  machines, 
of  which  not  less  than  thirty-five  have  l>een 
imi>orted  since  185G.  Mr.  Walter  still  con- 
tinues to  use  two  of  Applegath's  eight-cylinder 
vertical  machines  in  printing  the  Times  and 
Evening  Mail,  but  only  as  subsidiaries,  the  chief 
burden  of  the  work  falling  on  the  two  ten- 
cylinder  Hoes  made  by  Mr.  Whitworth,  and 
these  are  now  said  to  perform  admirably. 
They  are  driven  at  the  rate  of  thirty-two  re- 
volutions j>er  minute,  which  gives  a  printing 
rate  of  19,200  per  hour,  or  about  16,000,  in- 
cluding stoppages.  Much  of  the  ingenuity 
exercised  both  in  the  Applegath  and  Hoe  ma- 
chines was  directed  to  the  chase,  which  had  to 
hold  securely  upon  its  curved  face  the  mass  of 
movable  type  required  to  form  a  page.  The 
complicated  contrivances  by  which  this  was 
effected  have  now  been  entirely  superseded  by 
the  use  of  stereotype  plates  ;  but  before  pro- 
ceeding to  describe  the  process  by  which  these 
are  obtained,  it  may  be  well  to  draw  attention 
to  some  of  the  points  which  seem  to  have  deter- 
mined the  preference  now  given  to  the  Hoe 
presses  over  the  Applegath.  The  course  of  the 
sheet  in  "  laying  on  "  at  the  Hoe  machine  is  as 
direct  as  it  can  be  made,  short  of  printing  from 
a  continuous  web ;  and  the  "taking  off"  is  per- 
formed with  great  regularity  by  means  of  a 
wooden  frame,  which  rises  and  falls  with  each 
impression  of  the  printing  cylinders.  At  the 
Applegath  press,  the  direction  of  the  sheet  has 
to  be  changed  from  a  perj>endtcular  to  a  lateral 
motion,  to  correspond  with  the  vertical  position 
of  the  main  drum.  A  tuker-off  is  also  required 
for  each  impression-cylinder,  as  well  as  a  layer- 
on,  thus  considerably  increasing  the  number  of 
hands.  The  American  machine  also  j>ossosses  a 
decided  superiority  in  the  arrangements  for 
securing  good  register,  though  the  ingenious 
finger-motion  by  which  this  result  is  obtained 
becomes  objectionably  rapid  in  the  largest-sized 
I  pram.     The  comparison  instituted  between 
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these  celebrated  rival  machines,  and  indeed  all 
the  foregoing  details,  have  been  introduced  into 
this  report  less  as  bearing  on  subjects  contained 
in  the  Exhibition  than  out  of  deference  to  the 
immense  importance  of  the  newspai>er-printing 
machine  in  a  country  governed  by  public 
opinion.  The  same  considerations  render  it 
incumbent  on  the  reporters  to  point  out,  that 
excellent  and  surprising  as  are  the  results 
achieved  by  the  Hoe  and  Applegath  machines, 
they  cannot  be  considered  satisfactory  while 
these  machines  themselves  are  so  complicated, 
expensive,  and  liable  to  stoppages  in  working. 
No  true  mechanic  can  contrast  the  immense 
American  ten-cylinder  presses  of  the  Times  with 
the  simple  calico-printing  machine  without  feel- 
ing that  the  latter  furnishes  the  true  type  to 
which  the  mechanism  for  newspaper -printing 
should,  as  much  as  jKWsible,  approximate. 

Of  the  stereotyping  process,  which  has  been 
referred  to  as  the  second  great  change  effected 
in  the  art  of  newsi»aper-printing  since  1851, 
there  exists  no  example  whatever  in  the  Exhi- 
bition of  1862.  Yet  it  is  a  change  hardly  inferior 
to  that  by  which  the  late  Mr.  Walter  applied 
steani-power  to  the  printing  press,  and  certainly 
equal  to  that  by  which  the  rotary  press  super- 
seded the  reciprocating  action  of  the  flat  machine. 
It  was  commenced  and  has  been  elaborated  to 
its  present  j>oint  by  his  son,  the  present  Mr. 
Walter,  at  the  Times  office.  He  began  his 
experiments,  aided  by  an  ingenious  Italian 
founder  named  Dellagaua,  early  in  185G,  when, 
by  means  of  pipier-mache  matrices  rapidly  dried 
and  placed  in  a  mould,  columns  were  cast  in 
stereotyi>e-metal,  tyj>e-high,  planed  flat,  and 
finished  with  sufficient  speed  to  get  up  the  du- 
plicate of  a  form  of  four  pages,  which — when 
worked  off  on  a  spare  flat  machine — accelerated 
the  speed  at  which  the  Times  had  previously 
been  published  by  nearly  5,000  impressions  jK?r 
hour.  The  next  step  taken  was  to  adapt  these 
type-high  columns  to  the  Applegath  presses,  then 
worked  by  |>olygonal  chases.  That  raised  the 
previous  5,000  to  10,000  per  hour  ;  but  though 
the  publication  of  the  Times  was  thus  finished 
in  much  less  time  than  before,  it  soon  ljecame 
clear  that  the  process  could  be  greatly  simplified 
in  its  details,  and  greatly  extended  and  improved 
in  its  application.  Accordingly,  on  the  intro- 
duction of  Hoe's  machines,  instead  of  deiding 
with  separate  columns,  the  impier-mnche"  matrix 
was  taken  from  the  whole  page  at  one  operation 
by  roller-presses  constructed  for  the  purpose. 
The  matrix,  rapidly  <lried  on  heating  surfaces, 
was  then  accurately  adjusted  in  a  casting  ma- 
chine curved  to  the  exact  circumference  of  the 
main  drum  of  the  printing  press,  and  fitted  with 
a  terra-cotta  top  to  secimj  a  casting  as  nearly  as 
possible  of  uniform  thickness.  On  pouring  stereo- 
type metal  into  this  mould  a  curved  plate  was 
obtained,  which,  after  undergoing  a  certain 
amount  of  trimming  at  two  machines  s]>ccially 
made  for  the  purpose,  could  be  taken  to  press 


and  set  to  work  within  twenty-five  minutes  from 
the  time  at  which  the  process  began.  For  all 
practical  purposes  the  printing  obtained  from 
these  plates  was  as  good  as  that  from  pages  of 
movable  type.  All  the  rink  and  inconvenience 
and  wear  and  tear  attending  the  imposition  of 
these  pages  in  curved  cliases,  and  placing  them 
on  the  presses,  and  subjecting  them  to  the  de- 
structive friction  of  the  machining  process,  were 
at  once  obviated.  The  fount,  instead  of  wearing 
out  every  two  years,  might  last  for  twenty  ;  the 
plates  after  doing  their  work  for  one  day,  could 
be  melted  down  the  next  into  a  new  impression; 
and  (most  imjwrtant  of  all)  the  original  tyj>e- 
page,  safe  itself  from  all  chance  of  injury,  could 
\>e  made  to  yield  any  number  of  copies  that 
might  be  required  by  the  exigencies  of  the  cir- 
culation, and  which  there  were  spare  machines  to 
work.  Thus  has  it  come  about  that  the  inner 
or  news  sheet  of  the  Times  is  now  printed  every 
morning,  stoppages  included,  at  the  rate  of 
42,000  impressions  per  hour;  the  two  American 
machines  yielding  16,000  each,  and  the  one 
Applegath  used  10,000.  Another  Applegath 
remains  in  reserve,  to  increase  the  production, 
if  requisite,  and  to  provide  against  casualties.  Be- 
tween three  and  five  o'clock  every  morning  there 
are  cast  and  finished  in  the  foundry  of  the  Times 
office  three  complete  sets  of  each  page  of  the 
news  sheet,  i.e.,  a  triplicate  of  the  eight  pages,  or 
twenty -four  pages  in  all ;  and  it  will  be  ]>erceived 
that  if  three  machines  working  simultaneously 
failed  to  meet  the  requirements  of  the  circulation, 
a  fourth  could  be  at  once  added.  Mr.  Walter 
has  applied  steam-power  to  the  oj>erations  of  the 
foundry,  which,  though  still  capable  of  consi- 
derable improvement,  are  now  accomplished  with 
great  ease  and  certainty  of  result.  It  is  obvious 
that  by  the  multiplication  of  stereotype  plates 
and  machines,  there  is  practically  no  limit  to  the 
number  of  copies  of  a  newspaper  that  might  be 
printed  within  the  time  which  the  process  now 
usually  occupies. 

It  is  noticeable  that  England  and  the  United 
States  are  the  only  countries  in  which  these 
machines  are  in  use.  In  the  French  depart- 
ment it  was  stated  that  the  uncertain  nature  of 
newspaper  property  in  that  country  prevented 
the  investment  of  capital  in  this  direction. 

English  Printing  Machines. — Mr.  David  Na- 
pier, London,  exhibited  a  large  platten  jirinting 
press,  for  fine  work,  worked  by  steam  power,  in 
which  inking-rollcrs  are,  as  in  the  hand-press, 
traversed  four  times  over  the  inking  table  for 
each  impression,  and  the  platten  dwells  for 
some  time  on  the  The  traverse  of  the 

table  is  derived  from  a  skeleton  worm,  with  an 
interval  of  rest  at  each  end  whilst  the  inking- 
rollers  are  in  action.  The  downward  pressure 
and  the  dwell  of  the  platten  are  given  by 
means  of  a  combination  of  a  crank  and  a 
knuckle-joint,  in  a  manner  unattainable  by  the 
instrumentality  of  the  crank  alone.    The  dwell 
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Ls  a  decidedly  good  feature  for  the  production  of 
really  good  work. 

Mr.  W.  Conisbec,  London,  exhibited  a 
"  Main"  ringl&cy  Under  printing  machine,  the 
principal  feature  of  which  is  the  method  of 
connecting  the  cylinder  to  the  type-surface  by 
direct  gearing,  which  is  never  out  of  contact. 
The  cylinder  is  semi -rotative,  or  pendulous, 
making  about  three-fourths  of  a  revolution 
only  at  each  traverse  of  the  type  -  surface, 
instead  of  an  entire  revolution,  as  in  the  case 
of  the  intermittent  or  stationary  cylinders  used 
by  Messrs.  Petter  <fc  Galpin  and  other  exhibi- 
tors. The  table  is  moved  by  means  of  a 
toothed  wheel  working  between  two  racks,  of 
which  the  lower  is  fixed  to  the  frame,  and  the 
upper  is  attached  to  the  table.  The  pinion  is 
traversed  backwards  and  forwards  upon  the 
fixed  rack  by  a  connecting-rod  from  a  stud- 
wheel  ;  and  it  is  obvious  from  the  nature  of  the 
motion,  that  the  table  has  double  the  traverse  of 
the  pinion.  This  is  a  simple  and  durable  motion. 
The  bearings  of  the  cylinder  are  eccentric,  by 


means  of  which  the  cylinder  is  lifted  off  the  form 
in  returning,  after  the  sheet  has  been  printed, 
tho  blanket  on  which  would,  if  ]>ermitted  to 
come  in  contact  with  the  form,  be  inked  while 
returning  for  the  next  sheet  to  be  printed.  The 
feed-table  is  placed  horizontally,  and  of  a  height 
to  enable  a  boy  to  place  the  white  paper.  It 
works  in  four  V-shaped  slides,  and  is  connected 
by  side  lcvcin  and  a  connecting-rod  with  a  cam 
on  the  main  or  stud-wheel  shaft.  To  the  front 
of  the  feed-table  is  mounted  a  shaft  extending 
the  full  length  of  the  table,  and  working  in 
beaiings  fixed  to  it.  The  marks  or  lays  are  made 
adjustable  to  any  length  of  sheet,  or  for  two 
separate  sheets,  and  they  are  also  adjustable  to 
any  width  of  margin,  which  obviates  the  necessity 
for  shifting  the  form  after  it  lias  been  fixed. 
Tho  ink-duct  is  placed  over  the  driving-shaft, 
to  which  is  attached  a  vibrating  composition- 
roller  for  the  purpose  of  taking  the  ink  from 
the  duct-roller  and  depositing  it  on  the  ink-table  ; 
between  the  ink-duct  and  the  cylinder  are  placed 
four  diagonal  distributing-rollers  and  three  inking- 
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rollers  for  inking  the  form,  mounted  on  car- 
riages fixed  to  the  top  of  the  side  framing  ;  the 
delivery-board  is  fixed  over  these  rollers. 

The  sheet  to  be  printed  is  placed  up  to  the 
marks  at  the  front  of  the  feed-table,  while  the 
table  is  at  its  greatest  distance  from  the  cylinder, 
the  sheet  projecting  beyond  the  front  edge. 
The  machine  being  turned,  the  feed-table  ad- 
vances towards  the  cylinder,   depressing  the 


marks  in  its  passage,  and  the  sheet  is  taken  at 
the  moment  it  remains  at  rest.  The  grippcrs 
are  opened  while  the  cylinder  is  being  reversed  ; 
and  while  the  type-table  is  at  the  end  of  the  tra- 
verse, all  the  centres  of  the  main -shaft,  crank,  stud, 
and  traverse-wheel  are  in  line,  the  motion  of  the 
machine  is  reduced  while  turning  the  centre,  as 
the  crank-stud  is  at  its  dead  point,  and  the  sheet 
is  taken  by  the  grippers  while  exactly  level  with 
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the  feed-table.  After  being  printed  it  is  brought 
up  to  the  crown  of  the  cylinder  and  taken  off, 
with  the  printed  side  upwards,  while  the 
cylinder  returns  for  the  next  sheet,  by  this  time 
laid  ready  for  it.  By  this  means  sheets  may  be 
fed  more  rapidly  than  can  bo  accomplished  by 
tho  stopping  or  intermittent  cylinder,  liecause 
no  sheet  can  l>e  placed  on  tho  latter  until  the 
opening  of  the  cylinder  is  presented  to  tho  feed- 
table,  as  the  sheet  has  to  be  pushed  into  the 
opening ;  while,  as  the  grippers  open  while 
passing  the  front  edge  of  the  table,  only  very 
short  grip|)er8  am  l>e  used,  and  the  ojMjning  of 
the  cylinder  is  so  very  limited  that  unless  the 
paper  be  very  flat  they  are  apt  to  be  missed 
altogether.  Whereas,  in  the  44  Main,"  sheet*  are 
not  missed,  even  when  running  at  12,000  to 
1 3,000  per  hour,  though,  in  other  cases,  sheets 
are  frequently  missed,  even  when  running  at  900 
to  1,000  per  hour.  Tliis  evil  has  no  doubt  to 
a  certain  extent  been  remedied,  by  the  means 
for  throwing  the  cylinder  out  of  gear  at  will. 

Uniformity  of  impression  is  insured  in  the 
44  Main  "  by  the  method  of  direct  connection  by 
cut-gear,  enabling  the  two  surfaces  to  move 
always  in  unison.  The  grippcr-motion  is  fixed 
to  the  cylinder-bearing  :  it  does  not  wear  out, 
as  it  lias  no  action  (fig.  218,  pago  241). 

Messrs.  Pettcr  &  Galpin,  London,  exhibited  a 
44  Jielle-Sauvage "  tingle- cylinder  printing  vta- 
diine,  in  which  the  reciprocating  motion  of  the 


table  is  derived  from  the  ends  of  a  pair  of 
rocking-levers  on  a  vibrating  shaft,  actuated  by 
a  crank-motion  from  one  end  of  the  machine. 
The  cylinder  reciprocates  in  fixed  bearings,  and 
is  driven  by  a  rack  on  the  table,  gearing  into  a 
spur-wheel  on  the  end  of  the  cylinder,  a  portion 
of  the  spur  being  blank, — without  teeth.  The 
cylinder  remains  at  rest  whilst  the  change  of 
sheets  takes  place ;  and  it  may  be  stopped,  if 
necessary,  without  stopping  the  machine.  This 
is  a  good  machine  for  general  printing  work 
(tig.  219). 

Messrs.  Annable  &  Blench,  London,  exhibited 
a  small  tingle-cylinder  printing  machine,  in 
which  the  table  moves  on  live  rollers,  and  is 
driven  by  a  motion  from  a  crank-pin  on  the  end 
of  an  upright  shaft,  revolving  horizontally,  with 
a  connecting-rod  attached  to  a  pin  on  one  end  of 
the  table,  guided  by  a  roller  working  between 
two  guide-bars  below  the  table.  By  this  motion 
the  table  is  liable  to  wear  sidewiso,  when  the 
work  is  smudged  to  a  greater  or  less  extent. 

Messrs.  E.  «fc  W.  Ullmer,  London,  exhibited 
a  single-cylinder  machine,  in  which  the  motion 
of  tho  table  is  derived,  as  in  the  14  Main" 
machine,  from  a  spur-wheel  traversed  by  a 
crank-motion  between  two  racks,  of  which  the 
lower  rack  is  fixed  to  the  frame  and  the  upper 
one  to  the  table.  By  this  motion  the  traverse 
of  the  pinion  is  doubled  in  its  transmission 
to  the  table. 
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Mr.  F.  W.  Gerish,  London,  exhibited  a  small 
flatten  preatt,  in  which  the  table  is  moved  by  an 
epicycloidal  motion  from  two  spur-wheels,  one  of 
which  gears  with  and  revolves  within  a  station- 
ary wheel  with  inside  teeth,  twice  the  diameter 
of  the  revolving  wheel.  The  bed  is  connected 
to  and  is  traversed  by  the  inner  or  44  planet-  " 
wheel,  so  as  to  have  a  traverse  equid  to  twice 


the  diameter  of  tliat  wheel.  The  bed  is  lifted 
up  to  the  platten  by  a  cam,  to  make  the  impres- 
sion, the  platten  being  stationary  or  fixed  to  the 
frame.  A  catch  is  provided  at  the  end  of  the 
machine,  to  disengage  the  bed  and  leave  it  at 
rest  until  the  workman  has  laid  the  sheet  of 
paj>er,  after  which  he  disengages  the  pall.  This 
machine  is  likely  to  absorb  a  good  deal  of  power 
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to  work  it  j  besides  which  the  motion  is  not 
sufficiently  reduced  by  the  gearing. 

Mr.  J.  Rohm,  Leith,  exhibited  a  double- 
cylinder  machine,  with  a  self-itcting  apparatus 
for  setting-off  .sheets. 

Mr.  E.  E.  Colley,  London,  exhibited  a  work- 
ing model  of  Hoe's  \d-feeder  printing  machine, 
employed  in  printing  the  Daily  Telegrajih,  of 
which  it  tlirows  off  340  iniprawions  j»er  minute. 

Mrs.  Daniel  Jones,  Bradford-on-Avon,  exhi- 
bited the  "Miniature  Albion  Printing  Pre**" 
for  printing  single  pages,  for  private  use  or  for 
merchants'  offices.  It  is  designed  by  the  fair 
exhibitor  chiefly  for  the  use  of  literary  ladies, 
for  the  circulation  of  new  ideas.  The  work 
done  by  this  miniature  press  in  the  Process 
Court  was  exceedingly  good. 

Mr.  C.  W.  Harrison,  London,  exhibited  an 
electro-magnetic  printing  press,  in  which  the 
pressure  in  produced  by  turning  over  the 
armour-plate  fixed  to  the  form,  into  contact 
with  the  poles  of  an  electro-magnet.  The 
circuit  is  alternately  broken  and  restored  by 
hand.  The  work  done  was  rough,  and  the 
labour  wan  not  light. 
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Foreign  Printing  Machine*. — M.  F.  Normand, 
Paris,  exhibited  a  model  of  a  contrivance  for 
imi»arting  a  regular  motion  to  the  table,  which 
has  lieen  a  desideratum  in  machines  moved  by 
rack  and  pinion.  The  radius  of  the  pinion  is 
varied  in  the  inverse  ratio  of  its  angular  speed, 
and  the  teeth  of  the  rack  are  suitably  adjusted 
in  length  to  that  variation. 

M.  Alauzet,  Paris,  exhibited  a  cylinder-ma- 
chine, in  which  the  table  is  moved  by  a  motion 
from  a  slotted  link,  vibrating  on  one  end,  and 
reciprocated  by  a  crank-pin  in  the  slot,  similarly 
to  the  ram  of  a  shaping  machine,  A  quick 
return  is  thus  im]>arted  to  the  table,  and  a  pro- 
portional saving  of  time  is  effected.  The  pro- 
jelling  pinions  and  racks  arc  made  with  oblique 
teeth,  for  the  purpose  of  steadying  the  action. 

M.  Dutartre,  Paris,  exhibited  a  printing  ma- 
cltine  for  working  in  two  colours.  It  has  two 
cylinders,  with  a  double  inking  apparatus,  one  at 
each  end  of  the  frame,  and  two  forms  to  be  inked 
by  two  different  colours ;  and  thus  the  blank 
sheet  is  made  to  take  the  double  impression  at 
one  stroke  without  l)eing  reversed. 

Miscellaneous  Printing  and  Stamjring  Appa- 
ratus.—  M.  August©  Trouillct,  Paris,  ex- 
hibited his  mechanical  counters  (numeroteurs 
mecaniqut ft)  for  numbering  coupons,  railway 
certificate,  1  tank  notes,  for  paging  account 
books,  or  for  any  other  purpose  for  which 
a  continuous  series  of  numbers  is  required. 
It  is  adaptable  either  for  use  in  the  hand  or 
for  printing  in  a  press.  The  hand  instru- 
ment icon  i  rowel-formed  circle,  on  the 
points  of  which  are  cut  in  steel  the  ten 
numerals.  It  turns  on  an  axle  which  may 
hold  from  two  to  six  or  more  of  these  rowels. 

The  figure  or  figures  that  are 
to  move  are  left  free  ;  those 
thaf  are  stationary  are  fixed  by 
a  screw  at  the  side,  to  prevent 
their  l>eing  disturbed  by  the 
action  of  the  others.  The 
figure  is  changed  by  the  action 
of  a  small  lever  that  rises  up 
>y  the   wooden   handle,  the 
ire  of  which  turns  the 
rowel  so  as  to  bring  tin-  next 
figure  in  its  place,  and  at  the 
same  time  inks  itself  from  a 
small  inking  apparatus  fixed 
al«>ve  the  figures.    Thus,  with 
si  x  n  iwels,  numl>ers  1  to  1)99,999 
may  lie  impressed,  the  first  of 
the  series  appearing  as 
000,001.   This  instru- 
ment may  also  be  used 
dry  for  stamping  any- 
thing where  colour  is 
not  nettled,  but  only 
an  impression,  or  with 
common  miu-king-ink 
for     stamping  Imles 
of  goods  or  wooden 
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packing-cast*.  For  printing  eight  rows  with 
ten  axles  each  may  ho  used,  fixed  in  a  form,  or 
rather  on  a  plate,  furnished  with  spaces  to  admit 
the  movable  types.  If  we  suppose  they  number, 
as  at  first  prepared,  from  1  to  80,  a  horizontal 
handle  moves  all  the  necessary  figures,  and  the 
next  impression  would  give  from  81  to  1G0. 
Thus  process  may  be  combined  with  the  printing 
of  labels  requiring  dates,  such  as  those  of  the 
month  and  year.  In  such  cases  the  necessary 
fixed  type  is  prepared  in  the  usual  manner,  and 
space  is  left  for  the  numeroteurs  to  be  inserted, 


which  are  then  operated  on  in  the  manner  already 
described. 

Mr.  H.  Falmcr,  Loudon,  exhibited  a  ]Xtging 
machine. 

Messrs.  Waterlow  &  Sons,  London,  exhibited 
a  railway-ticktt  printing  and  numbering  ntaeftine, 
in  which  the  tickets  are  not  only  printed  and 
nnmliered,  but  may  also,  if  required,  lie  per- 
forated, striped,  or  double-coloured,  at  the  rat*1 
of  from  8,000  to  10,000  per  hour.  It  is  moved 
by  steam,  but  may  bo  worked  by  hand.  The 
fixed  ty]>e  is  placed  in  a  frame,  and  the  movable 
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figures  or  letters  are  engraved  in  Bteel  or  a  brass 
rowel.  By  a  vibrating  action  the  frame  is 
brought  under  a  press  to  convey  the  impression 
to  the  paper,  and  the  reverse  movement  brings 
the  successive  type  to  its  place.  The  machine 
is  self-inking  (fig.  220,  page  243). 

Messrs.  Ilarrild  «fe  Sons,  London,  exhibited  a 
newspaper-addreasing  machine,  which  consists  of 
a  sliding  groove  of  some  length,  on  which  is  placed 
a  galley  containing  as  many  of  the  required  direc- 
tions as  it  will  hold,  set  up  in  ty]>e,  and  locked 
up.  A  treddle  moves  it  along  under  a  Bort  of 
parchment  frisket  or  tympan,  till  a  direction 
arrives  just  under  the  sjMice  cut  in  the  frisket ; 
the  newsjMiper  envelope  is  laid  over  the  frisket, 
and  the  treddle  brings  down  a  pressure  on  it. 
The  galley  continues  sliding  on  till  all  the  direc- 
tions have  been  impressed,  when  it  Is  removed 
to  make  room  for  another  (fig.  221). 

Mr.  Pearson  Hill,  London,  exhibited  a  posl- 
office  ttamping  macJiine,  used  in  the  English 
post-offices. 

Mr.  G.  Jarrett,  London,  exhibited  small  Jtand- 
presses  for  endorsing  and  stamping  cheques, 


side-lists,  Ac,  for  embossing,  and  for  marking 
linen.  To  avoid  the  objection  to  endorsement 
stamps,  where  fluid  ink  is  used,  from  the  incon- 
venience incident  upon  the  drying  or  caking  of 
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Stimpixg-mbm,  by  Mr.  O.  Jarrett,  London. 

the  ink,  Mr.  Jarrett  substitutes  carbonic  or  other 
chemically  prepared  silk  or  other  material, 
formed  into  endless  bands,  capable  of  giving  more 
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than  a  thousand  impressions  before  requiring 
to  be  changed.  In  one  press  (tig.  222),  the 
die  or  ty]>e-holder  is  attached  to  the  slide  of  the 
press  by  means  of  a  tajier,  dovetailed  key,  so 
that  it  can  l>e  instantly  removed  for  chunging 
the  dates,  or  for  l>eing  replaced  by  another  die. 
Another  press  (fig.  223),  is  more  particularly 


Sr.iMi-i.tu  Tmem,  with  moTuble  di«-j,  by  Mr.  O.  Jnrrctt. 


adapted  for  movable  types,  the  dies  or  types 
being  placed  below  with  their  face  upwards,  so 
as  to  be  the  more  easily  changed.  The  endless 
band,  being  double  the  length  of  the  press,  yields 
some  thousands  of  impressions  before  it  is  ex- 
hausted.    The  embossing  press  (fig.  224)  is 


adapted  for  embossing  crests,  initials,  ttc.  on 
]«per.  The  slides  to  which  the  dies  are  attached 
are  not  toper,  but  are  accurately  planed.  Each 
slide  is  made  to  fit  tightly  within  a  fixed  iron 


SiLr-ixsiso  Prim,  hy  Mr.  O.  J»rrett. 


frame  ;  it  is  depressed  by  means  of  a  lever  with 
a  steel  eccentric  cam,  and  is  raised  by  spiral 


springs  in  brass  boxes  on  each  side  of  the  head- 
stock.  The  dies  are  of  steel,  properly  tempered, 
and  the  counterparts  arc  of  hardened  copper. 
I  For  marking  linen,  Mr.  Jarrett  exhibited  a 
[  neat  self-inking  press  (fig.  225),  applicable  also 
for  endorsing  purposes. 

Litliogrojihic  Prettae*. — Several  presses  were 
exhibited  for  working  copper  and  steel  plates, 
lithographs,  ttc,  both  English  and  foreign,  but 
in  these  there  is  no  new  principle  involved. 
They  are  what  is  known  as  rolling  presses,  and 
the  only  improvements  consist  in  a  little  more 
facility  of  working,  increased  power,  and  larger 
size. 


CHAPTER  V. 

SUNDRY    MACHINES    FOR   WORK1NO   IN"  PAPER. 

Messrs.  D.  k  J.  Greig,  Edinburgh,  exhibited, 
besides  a  selection  of  lithographic  and  other 
presses, — 1.  A  Pajxr-cutting  MacIUne,  in  which, 
with  a  continuous  motion,  the  knife  is  caused  to 
descend  diagonally  instead  of  vertically,  as  the 
diagonal  or  slicing  movement  of  the  knife  makes 
a  smoother  and  cleaner  cut  than  the  other. 
Messrs.  Greig's  first  machines  were  made  with  a 
traversing  motion  of  5  inches;  but  their  ma- 
chines are  now  made  with  a  9-inch  lateral 
traverse,  in  *  descent  of  five  or  six  inches.  For 
this  purpose  the  knife  is  controlled  by  a  parallel 
motion  capable  of  adjustment,  which  not  only 
retains  it  in  a  horizontal  position,  but  also 
causes  it  to  move  in  a  nearly  straight  diagonal 
direction  j  so  that  the  full  benefit  of  the  slicing 
cut  is  obtained  to  the  end  of  the  stroke.  This 
is  an  excellent  machine.  2.  Copper  Plates  for 
engravers,  hammered  by  steam-power  with  a 
561b.  tilt-hammer,  having  a  long  square  piston 
with  a  spring  on  the  top  to  increase  the  force  of 
the  blow,  making  1.50  strokes  per  minute.  The 
plate  is  finished  by  a  hammer  slightly  rounded 
on  the  face.  It  is  said  that  by  this  process  the 
production  is  increased  sixfold. 

Messrs.  Hughes  &  Kimber,  London,  exhibited, 
1.  A  Pajter-cuUing  Machine,  in  which  the  oblique 
or  slicing  cut  ia  obtained  by  ineans  of  a  radial 
link  vibrating  on  a  pivot  on  the  frame,  and  con- 
nected to  the  knife-stock.  The  diagonal  course 
being  circular  is  of  course  of  variable  obliquity, 
being  more  nearly  vertical  at  the  commencement 
of  the  cut  and  sloping  oif  towards  the  end  of  the 
cut  (tig.  22G,  page  2-46).  2.  A  Hydraulic  Prces 
for  bookbinders,  by  Tangyc  Brothers.  The  table 
is  12£  inches  by  17  inches  long;  the  cylinder 
and  the  sole  plate  are  in  one  piece  ;  the  ram  is 
3  inches  in  diameter,  with  a  1-inch  plunger  (tig. 
227,  page  246). 

Mr.  Balls  Garrett,  London,  exhibited,  with 
j  a  number  of  printing  pi-esses,  a  paper  cutting 
;  machine,  to  work  diagonally,  like  Mr.  Ullmer's  ; 
or  vertically,  by  withdrawing  the  diagonal  bolt. 
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Mr.  C.  T.  Youngman,  London,  exhibited  two 
machines  for  making  jxtper  Inigs.  One  of  them, 
the  square-bag  machine,  makes  complete  luigs 
from  2  oz.  to  28  lb.  capacity.    It  was  worked 


P a r t k - c  Liriso  Machim  ,  by  Messrs.  Hughes  &  Kiiubcr,  London 
Tig.  227. 
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Messrs. 


by  Kteiim-jwwer.  The  other,  the  conical-bag 
maichinc,  was  worked  by  hand,  and  makes  from 
1-oz.  to  1-1 -lb.  bogs.  The  bags  are  made  from 
continuous  webs  of  paper,  cut  off  into  lengths, 
folded,  pasted,  and  delivered,  by  intermittent 
motions,  to  be  afterwards  pressed  and  dried. 
These  machines  make  from  1,000  to  4,000 
bags  per  hour,  of  various  sizes. 

Mr.  S.  E.  Pettee,  U.S.,  exhibited  a  /x»/>er- 
bag  machine  capable  of  making  from  18,000 
to  30,000  bags  per  hour,  worked  by  hand. 
It  works  with  continuous  rotary  movements, 
and  makes  the  needful  changes  without  the 
use  of  dims;  hence  the  simplicity  of  the 
machine  and  the  facility  for  working  at  high 
8j»eeds.  The  knife  which  cuts  off  the  lengths 
of  pajHT  revolves,  and  at  each  revolution 
cuts,  or  more  properly  tears,  off  the  required 
leugth.    It  Is  an  ingenious  machine. 

The  Masehinen  Bauanstalt,  Frauenfeld, 
Switzerland,  exhibited  two  madiines  for fold- 
ing and  stitching  printed  sheets  of  pnj>er  ready 
for  the  book  hinder.  One  of  them  preparesfrom 
1,000  to  1,200  sheets  per  hour.  The  sheet* 
are  put  singly  by  a  boy  under  the  jioints  of 
the  machine,  in  the  same  manner  as  with  the 
printing  machine.  A  knife  moving  up  and 
down  takes  hold  of  the  sheet  lengthwise  in 
the  centre,  draws  it  th  rough  a  slit  in  the 
table,  and  the  first  fold  is  made.  The  knife 
returns  instantly,  and  the  sheet  is  taken  by 
a  second  vertical  knife,  folding  it  at  a  right 
angle  to  the  first  fold.  Before  the  third  fold 
is  made  the  stitching  commences,  two  needles 
provided  with  hooks  passing  through  the  middle 
of  the  sheet  at  about  an  inch  distant  from  each 
other,  drawing  through  the  cotton,  which  is  un- 
wound from  a  bobbiu  and  cut  to  the  required 
length.  The  sheet  is  then  folded  a  third  time, 
by  a  knife  acting  at  a  right  angle  with  the 
second  one,  which  takes  hold  of  the  middle 
of  the  sheet  and  pushes  it  between  a  pair  of 
ribl>ed  rollers,  whence  it  {Misses  directly  to 
another  pair  of  polished  rollers,  and  remains 
glazed  on  the  table.  The  machine  works  so  cor- 
rectly and  truly  that  the  sheets  are  folded  and 
stitched  with  the  utmost  exactitude  in  the  centre, 
and  are  so  well  pressed  that  the  l>ookbinder  can 
immediately  begin  wrappering.  It  is,  moreover, 
so  constructed  as  to  fold  the  largest  as  well 
as  the  smallest  sheets,  and  both  the  stitching 
aud  pressing  apparatus,  or  each  singly,  may  be 
detached  by  the  loosening  of  a  single  screw.  It 
can  be  worked  by  either  steam  or  hand,  a  boy 
being  sufficient  for  that  purpose. 

The  other  machine,  exlubited  by  the  same 
firm,  lifts  the  sheets  by  means  of  an  air-pump, 
which  takes  them  one  by  one  from  off  a  pile 
under  the  horizontal  folding-knife,  thus  enabling 
it  to  fold  from  2,500  to  3,000  sheets  per  hour 
with  the  same  precision  as  the  first  machine, 
without,  however,  making  such  perfect  register, 
as  no  points  are  used  in  laying  on,  and  it  is 
therefore  best  adapted  for  the  folding  of  news- 
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papers  or  other  periodicals,  where  a  ]»erfect  re- 
gister is  not  absolutely  required. 

M.  Devinck,  Paris,  exhibited  an  ingenious 

packet-folding  machine  which  is  intended  for 


wrapping  up,  Healing,  and  piling  up  cakes  of 
chocolate.  Its  movements — thirty-one  for  each 
operation — are  executed  more  regularly,  in  a 
cleaner  way,  and  faster  than  workmen  can  do. 


SECTION  V. 


MACHINES  FOR  WORKING  IN  STONE  AND  CLAY. 


CHAPTER  I. 

MACHINES  FOR  WORKING  IN  STONE. 

Mr.  Neal,  London,  exhibited  the  grinding- 
mitf,  which  has  already  been  described  for 
grinding  flour,  and  is  applicable  for  grinding 
colours,  cement,  or  other  stony  materials.  By 
varying  the  dressing  of  the  stones,  the  mill  is 
applicable  to  grinding  chicory,  drugs,  chemicals, 
printers'  ink,  and  tmch  matters. 

Fio.  238. 


Ounno  »mi  LxnoxTUfo  A i  r.» iuti  -.,  by  Mr.  II.  QooiUIl,  D*rby. 

Mr.  H.  Goodall,  Derby,  exhibited  a  grinding 
and  levigating  apparatus,  which  consists  of  a 


pestle  and  mortar,  with  a  new  differential  motion 
for  the  pestle,  whereby  the  range  of  the  pestle 
is  varied  for  every  revolution,  from  the  widest 
to  the  smallest  range,  and  vice  versa\  thus  doing 
the  duty  of  scrai>ers.  This  variation  is  effected 
by  shifting  the  centre  of  the  crank  which  gives 
the  fore-and-aft  motion  to  one  end  of  a  lever, 
which,  sliding  longitudinally  on  its  centre,  in 
obedience  to  the  action  of  the  crank,  at  the 
same  time  vibrates  laterally  on  the  centre,  and 
so  communicates  a  resulting  circular  motion  to 
the  pestle-shaft  at  the  other  end  of 
the  lever.  The  jjestle  may  be  weighted 
to  any  extent.  The  machine  is  adapted 
for  grinding  ginger,  seeds,  salts,  cream 
of  tartar,  sugar,  cocoa,  «fec,  and  for 
mixing  or  kneading  lozenges,  pill- 
masses,  glaziers'  putty,  Ac  (figs.  228, 
229). 

Mr.  Thomas  Carr,  Birkenhead,  ex- 
hibited a  double-acting  comjwsile  mill, 
for  grinding  and  levigating  or  tri- 
turating chemicals,  drugs,  medicines, 
ointments,  Bpices,  herbs,  <fcc.,  in  place 
of  the  ordinary  ]>estle- and -mortar. 
The  mill  resembles  the  ordinary  edge- 
runner  or  mortar-mill ;  but  the  edge- 
runners,  as  well  as  the  pan,  are 
rotated  each  by  separate  driving-gear. 
The  runners  are  turned  in  the  same 
direction  with  the  circumference  of 
the  pan,  but  at  a  much  greater  speed  ; 
so  that,  whilst  they  cease  to  be  mere 
crushers,  they  become  powerful 
grinders,  to  which  the  slow  rotating 
pan  acts  as  a  continuous  feeder.  Tho 
runners  are  supported,  like  the  upper 
millstones  of  a  mill,  so  as  to  prevent 
their  coming  into  immediate  contact 
with  the  pan,  or,  when  it  is  empty, 
resting  on  it ;  and  the  distance  apart 
is  exactly  adjustable  by  a  screw,  as 
coarse  or  fine  ]K>wder  is  wanted. 
Again,  the  pressure  of  the  runners 
upon  the  material  being  ground  is 
not  dependent -upon  the  weight  of  the  runners, 
but  is  regulated  by  means  of  spring  balances 
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upplicil  to  the  end  of  the  lever-frames.  In  the 
small  hand-mill,  the  jmn  can  be  readily  tip|>cd 
over  and  emptied,  and  replaced  ;  and  the  |>an, 
with  the  runners,  are  made  of  Wedgwwxl-ware. 
The  mills  are  also  constructed  to  Ixj  driven  by 
steam-power ;  and  the  larger  mills  are  capable 
of  crushing  the  hardest  minends  and  ores,  or 
of  tempering  clay  and  mortar,  and  kneading 
dough  or  putty  (figs.  230,  page  219). 

Mr.  Carr  also  exhihited  a  disintegrator,  for 
breaking  up  and  finely  granulating  cloggy 
materials,  as  conglomerated  superphosphates, 
guano,  sugar-scum  ;  also  for  mixing  purposes, 
as,  for  example,  to  convert  brown  sugars  of 
various  shades  into  one  of  a  uniform  shade. 
The  smallest  sizes  are  adapted  to  work  by  hand, 
for  mixing  light  ]>owdcry  materials,  when  a 
most  perfect  intermixture  of  the  constituents  is 
the  chief  desideratum.  The  larger  sizes,  to 
work  by  steam  power,  are  for  granulating  pur- 
poses. They  are  driven  by  belts,  instead  of 
gearing.  They  consist  of  a  series  of  four  strong 
cylindrical  iron  cages,  of  various  sizes,  concen- 
trically arranged  one  within  another,  on  a 
horizontal  axle,  on  which  they  an;  Caused  to 
revolve  with  great  velocity  in  contrary  direc- 
tions to  each  other,  by  means  of  an  open  and  a 
crossed  belt,  the  alternate  cages  l>eing  so 
arranged  to  intersect  one  another,  that  while, 


in  reality,  there  are  only  two 
motions,  there  are  relatively 
four — the  first  and  third  cages 
going  to  the  right,  the  second 
and  fourth  to  the  left;  one 
I«iir  being  in  a  piece  with  the 
hollow  axle  or  boss  on  which 
the  cross  belt  is  placed,  and 
the  other  pair  keyed  on  to  a 
solid  shaft  working  within 
the  hollow  shaft,  on  the  outer 
end  of  which  is  the  pulley  of 
the  open  strap.  The  crude 
material  to  be  pulverised  is 
shovelled,  in  its  rough,  lumpy 
condition,  through  a  central 
opening  into  the  innermost 
cage,  and  is  instantly  delivered 
in  a  radiating  shower  from 
every  jairt  of  the  periphery  of 
the  outermost  one  into  an  ex- 
ternal casing  or  hood,  in  a 
state  of  the  finest  granulated 
lewder,  almost,  if  not  quite, 
as  regular  and  uniform  in 
grain  as  gunpowder.  The  cen- 
trifugal action  of  the  machine 
drives  the  material  from  the 
centre  to  the  )>eriphery  of 
the  outermost  cage  ;  but,  be- 
fore it  can  reach  and 
from  it,  every  grain  of  the 
material  meets  with  and  re- 
ceives four  distinct  cutting 
blows,  delivered  with  great 
rapidity  and  violence,  by  the  numerous  but 
open  set  bars  of  the  intersecting  cages  (156  in 
number)  that  it  encounters  on  its  way.  The 
force  of  the  blows  is  increased  by  the  four 
reverse  actions  of  the  several  cages.  A  stout 
knife  is  fixed  to  a  pillar,  cost  in  a  piece  with  the 
earn  ing  frame,  in  such  a  manner  that  its  blade 
extends  into  the  interior  of  the  innermost  cage, 
which  instantly  arrests  and  cuts  such  pieces  as 
are  otherwise  too  large  to  pass  between  its  bars. 
Immediately  this  first  cage  is  passed,  any  un- 
fibrous  substance,  if  less  tenaciously  pasty  than 
dough,  or  not  much  tougher  than  oil-cake,  or 
any  brittle  material,  such  as  bone-ash,  boiled 
bone  from  the  size-makers,  chemical  crystals, 
coal,  Ac,  is,  in  less  than  a  second,  thrashed,  cut, 
and  beaten  to  pieces,  and  the  whole  of  it  driven 
out  with  great  force  from  the  periphery  in  the 
condition  of  fine  granulated  powder.  The  |>ow- 
der  can  be  made  either  finer  or  coarser,  by 
increasing  or  diminishing  the  rotating  Hjieed 
(fig.  231,  page  250). 

Mr.  II.  T.  Balfour,  London,  exhibited  acen- 
triftujnl  crushing  nuirhine,  in  which  a  revolving 
disc,  mounted  with  wedges,  within  a  close  cast- 
iron  case,  throws  the  material  to  l»e  crushed 
against  the  inner  circumference  of  the  case, 
which  is  formed  with  angular  indentations,  to 
receive  and  break  it  up. 
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M.  F.  L.  Fauconnier,  Paris,  exhibited  a 
grinding  mill,  having  an  annular  trough,  on 
which  an  edge-stone  is  moved  by  the  rot 


umn 


of  a  horizontal  arm  fixed  to  the  revolving 
vertical  shaft.   Another  ami  moves  a  ve  rtical 
scoop  w lu*t '1,  which  raises  the  pulverised  ma- 
terials, and  throws  them  ui>on  a  conir;il 
sieve,  ingeniously  placed   on  the  central 
opening  of  the  annular  trough,  and  shaken 
by  a  cam-     By  this  contrivance  the  smull 
particles  peas  through  the  sieve,  and  those 
which  want  more  grinding  return  along  its 
inclined  and  conical  surface  to  the  trough, 
and  are  ground  again  by  the  edge-stone  in 
its  passage.    The  scooj)-wheel,  made  of  thin 
iron  plates,  is  brought  round  tho  annular 
trough  by  the  vertical  shaft,  like  the  stone, 
but  its  revolution  round  its 
own  axis  is  cfFected  by  a  fixed 
cog-wheel  placed  horizontally 
and  concentrically,  which  gears 
with  the  teeth  on  the  circum- 
ference of   the  scoop-wheel. 
Thus  it  is  designed  that  the 
materials  should  be  kept  under 
the  stone  just  as  long  as  is  ne- 
cessary, and  that  every  jNirtiele 
should  be  of  the  required  tliick- 
ness. 

Messrs.  Blake  Brothers, 
Ncwhaven,  U.S.,  exhibited  an 
ingenious  stone-breaking  ina- 
cJune,  to  crush  ores  for  smelt- 
ing, or  stones  for  road-making, 
rail  way -ballast,  concrete,  &C 
The  material  to  be  broken  is 
placed  in  a  four-sided  cast-iron 
receptacle,  of  taper  form,  open 
at  top  and  bottom,  the  narrow 
end  being  lielow,  and  of  the 
desired  width  or  gauge  of  the 
broken  pieces.  The  back  of 
the  receptacle  is  movable, 
and  rocks  between  the  sides 
upon  a  pivot  at  its  lower 
edge,  so  as  alternately  to 
crush  and  break  the  pieces  as 
it  advances  against  the  front, 
and  to  set  them  free  as  it  is 
withdrawn,  that  they  may- 
fall  through  the  bottom  — 
Buch  pieces,  that  is  to  say,  as 
are  sufficiently  small  to  drop 
tlirough.  The  pressure  is 
applied  to  the  rocking  side 
through  an  effective  combina- 
tion of  cranks,  levers  and 
knuckle-joints.  The  exhibitor  _ 
has  made  the  following  tabular 
statement  of  the  jH'iformance 
of  three  different  sizes  of  the 
stone  -  breaker,  in  breaking 
stone  of  a  compact  formation, 
the  jaws  being  set  at  i  ,  inches 
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compressed  air  averaged  144,000 
cubic  feet  per  day,  for  motive 
power  and  ventilation. 


CHAPTER  II 

VICTORIAN  QUARTZ-CRU8HING 
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ajHirt  at  the  bottom,  and  the  speed  of 
driving  shaft  180  revolutions  per  minute  : — 


the 


PBonrrTlox 

rsn  Bon. 

Width  of  J«w». 

Maximum 

^  Di*Unro 

POWKR 

Inches. 
10 

Inchn. 

7 

Cubic  yard*. 
4 

Hone- power. 
6 

15 

7 

8 

0 

20 

7 

8 

12 

the  Catalogue 
"  In  working 
sunk  on  the 


MM.  Sommolier,  Grandis,  ifc  Grattoni,  Turin, 
exhibited  a  photograph  of  the  machinery  em- 
ployed in  perforating  the  rock,  and  now  hard  at 
work,  in  the  construction  of  the  railway  tunnel 
through  Mont  Cenis,  in  the  Aljks.  Several 
machines  have  been  constantly  at  work  since  1861 
on  the  Italian  side  of  the  Alps.  The  wire  machines 
of  Biirdoneccia  perforated  an  average  of  eighty 
holes,  30  inches  deep,  in  six  hours,  the  rock 
being  of  variable  quality.  In  homogeneous 
rocks,  the  same  work  can  be  done  in  4  A  hours. 
During  the  year  1862,  these  wire  machines 
made  45,751  holes,  working  4,442  hours.  The 
motive  power  is  supplied  from  an  air-compress- 
ing apparatus,  by  which,  with  a  waterfall  of 
upwards  of  80  feet,  40  cubic  feet  of  air  is 
compressed  into  a  sixth  of  its  bulk.  The  com- 
pressed air  is  transmitted  from  the  outside,  and, 
after  haying  ofwratcd,  it  is  discharged,  and  it 
escapes  to  the  floor  of  the  tunnel,  replacing  and 
expelling  the  vitiated  air  ;  it  also,  in  expanding 
absorbs  the  heat,  and  keeps  the  ventilation  good 
and  cool.    During  1862,  the  consumption  of 


The    Commissioners  of  the 
Victorian  Exhibition  exhibited 
a    twelve  -  stamper    battery  for 
crushing  quartz,  on  a  scale  of 
half  the  full  size,  with  ripple 
tables,  amalgamating  apparatus, 
and  other  appliances  complete. 
It   was  an  exact  copy  of  the 
machinery   used    at    the  Port 
Philip  Gold-mining  Company's 
works,    Chines.       This  model 
battery  is  adequate  to  crush  70 
tons  of  quartz  per  week.  The 
following  useful  information  on 
the  performance  of  quartz-crush- 
ing machinery  is  derived  from 
of  the  Victorian  Exhibition  : — 
a  quartz  vein,  a  shaft  is  either 
crown  of  the  hill  where  the  vein 
is  found,  or  the  reef  is  penetrated  by  an  adit ; 
and  as  the  dip  of  the  reef  is  commonly  at  a 
high    angle,    lateral    excavations    are  made 
from  the  shaft  or  adit  at  various  levels,  from 
which  the  auriferous  rock  is  excavated.  The 
quartz  brought  to  the  surface  is  broken  into 
pieces,  and  passed  through  inclined  spouts  to  the 
stampers,  which  resemble  the  ordinary  stamps 
used  in  other  countries  for  dressing  ores.  They 
weigh  about  7  cwt.  each,  and  one  stamp  strikes 
about  sixty  blows  per  minute.     A  10-horse- 
powcr  engine  will  give  motion  to  eight  stamps. 
The  crushed  quartz  is  carried  by  water  over 
copper  ripples,  where  the  gold  is  brought  in 
contact  with  mercury.  Once  a  week,  or  oftener, 
the  ripples  are  cleared  out  and  the  amalgam 
retorted.     Much  dissatisfaction  is  felt  by  the 
miner  as  to  the  inefficiency  of  the  means  used 
at  present  to  separate  the  gold  from  the  quartz. 
When  the  latter  is  largely  impregnated  with 
iron  pyrites  and  other  sulphides,  the  amalgama- 
tion is  incomplete,  and  much  gold  is  supj>oeed 
to  lie  lost.     Various  experiments  have  been 
made,  and  numerous  patents  taken  out  for  im- 
proved processes,  hitherto  without  much  eff*x;t 
on  quartz  mining ;  for  it  is  now  admitted  by 
experienced  miners  that  the  machinery  should 
be  erected  on  a  much  larger  scale,  and  that  the 
ordinary  process  would  bo  satisfactory  if,  instead 
of  small  engines  of  20,  30,  or  40-horse  power, 
they  could  employ  machinery  of  200,  300,  or 
500-horse  jiower  for  crushing  purposes." 
It  appears  from  the  reportB  of  mining 


Digitized  by  Googl 


VICTORIAN  QUARTZ-CRDSHING  MACHINE. 


261 


veyors  in  Victoria,  that  86,594  tons  16  cwt  of 
quartz  have  yielded  on  the  average  18  dwt 
22  gra.  of  gold  per  ton  of  quartz.  In  the 
Report  of  the  Board  of  Science  for  the  year 
1860,  it  is  stated  that  39,034  tons  of  quartz 
produced  1  oz.  4  dwt  8*41  grs.  per  ton.  These 
results  have  been  obtained  by  means  of  appli- 
ances which  are  known  to  be  imperfect,  and 
none  of  the  operations  have  been  pursued  on  a 
scale  which  would  iu  Europe  be  considered 
large.  Very  few  of  the  engines  exceed  90-horse 
power,  and  the  total  amount  of  quartz  which 
they  are  capable  of  crushing  is  inconsiderable. 
An  engine  of  18-horse  power,  driving  sixteen 
stampers,  each  weighing  about  6  cwt.,  and 
giving  about  sixty  blows  per  minute,  will  crush 
about  150  tons  of  quartz  per  week;  and  it  is 
estimated  that  an  average  of  1 -horse  power  is 
required  to  drive  a  Btamper,  and  that  one 
stamper  will  not  crush  efficiently  much  more 
than  9  tons  of  quartz  per  week.  When  tho 
cost  of  the  crushing  was  about  .£4  per  ton,  very 
few  of  the  veins  could  be  worked  with  profit. 
Now,  the  cost  of  crushing  and  amalgamating  is 
very  low  indeed,  —  generally  less  than  £1  per 
ton  ;  and  a  low  yield  was  found  to  pay  the 
quartz  miner  even  better  than  a  high  yield 
when  the  cost  of  raising  and  crushing  the 
quartz  was  so  expensive.     Even  so  little  as 

4  dwt  of  gold  j>er  ton  will  remunerate  the 
miner  in  some  localities 

The  mode  of  extracting  the  gold  from  the 
quartz  ditfers  in  the  details  in  many  respects. 
Mr.  G.  W.  Hart,  the  mining  surveyor  of  Sand- 
hurst, says: — "The  stamper,  in  almost  every 
engine,  falls  from  sixty  to  sixty-five  times  per 
minute.    The  usual  weight  of  the  stamp  is 

5  cwt  The  proportion  of  gold  that  one  pound 
weight  of  mercury  will  take  up  depends  on  the 
size  of  the  particles  of  gold ;  that  is,  after  all 
the  superabundant  mercury  is  squeezed  out 
through  chamois-leather.  If  the  gold  be  about 
as  coarse  as  coarse  gunpowder,  one  pound  weight 
of  mercury  will  amalgamate  with  one  pound  of 
gold ;  but  should  the  gold  be  finer,  it  will  take 
more  mercury :  therefore  the  coarser  the  grain 
of  the  gold,  tho  less  mercury  it  takes.  The 
quantity  of  mercury  placed  in  a  machine  at  one 
time  depends  on  tho  construction  of  the  ma- 
chinery. Generally,  180  lb.  of  mercury  are 
required  to  charge  the  ripple  boxes  of  a  four- 
stamp  engine  or  battery.  It  is  usual  to  clear 
out  the  boxes,  «fcc,  once  every  fortnight ;  but 
most  jKjrsons  clear  out  the  beds  under  the  stamjw 
once  every  week,  as  the  crushed  material, 
esj>ecially  when  in  contact  with  mercury,  be- 
comes so  hard  through  the  constant  pounding  of 
the  stamps,  that  a  pick  is  often  required  to 
break  it  up." 

Mr.  Thomas  Lawrence  Brown,  a  mining  sur- 
veyor of  experience  in  the  Castlemaine  district, 
gives  the  following  general  description  of  the 
mode  of  extracting  gold  from  quartz  : — "  To 
extract  the  gold  from  the  hard  quartz  rock,  the 


matrix  must  be  reduced  to  fine  powder;  and 
to  effect  this,  the  old  Cornish  stamps  continue  to 
be  the  most  efficient  and  economical  method. 
The  best  description  of  stamps  are  square  or  rect- 
angular, cast  of  the  best — that  is,  the  hardest — 
white  iron,  with  wrought-iron  shanks,  weighing 
from  5  to  7  cwt  each.  These  are  placed  four 
together,  attached  to  strong  hardwood  frames 
by  cast-iron  guides,  and  caused  to  rise  and  fall 
sixty  to  seventy  strokes  per  minute  in  a  cast- 
iron  stamp-box,  weighing  13  cwt,  which  is 
fitted  with  false  bottoms,  cast  in  four  pieces  for 
facility  of  turning  and  changing  about  as  they 
become  worm  The  cast-iron  boxes  are  secured 
to  a  solid  foundation.  The  stamps  are  raised  by 
a  cast-iron  tipped  barrel,  fitted  with  wrought- 
iron  cams,  which  act  on  tongues  keyed  ui>on  the 
stamp-shanks.  The  two  inner  stamps  arc  made 
to  rise  first  and  receive  the  quartz  through  a 
small  aperture  in  the  passes,  together  with  a 
sufficient  quantity  of  water.  By  the  rapid, 
■harp  falling  of  the  stamps,  the  quartz  Incomes 
pulverized,  and  is  washed  by  the  water  through 
fine  iron  grates,  having  forty-five  to  seventy 
])erforations  to  the  square  inch  (according  to  the 
fineness  of  the  gold),  fixed  in  position  in  the 
standing -box,  or  by  fiushets,  over  which  the 
reduced  mineral  is  forced.  Of  the  numerous 
appliances  that  have  been  patented  for  separat- 
ing the  gold  from  the  pulverized  quartz,  tho 
inclined  plane  with  ripples,  tho  shaping  table, 
and  tho  Chilian  mill,  each  containing  mercury, 
are  principally  used,  the  object  in  each  being  to 
bring  the  gold  in  contact  with  the  mercury,  and 
to  form  an  amalgam.  These  processes  continue 
according  to  the  quantity  and  richness  of  the 
quartz  to  be  reduced,  and  the  gold  is  then  cleaned 
up  by  working  the  table  or  mill  with  a  regulated 
flow  of  water,  washing  off  the  quartz  and  lighter 
particles  of  other  materials ;  and  the  residue,  with 
the  amalgam  and  quicksilver,  is  then  washed  by 
I  hand  in  an  enamel  dish,  until  the  quicksilver  is 
free  from  foreign  particles.  After  being  so 
washed,  it  is  pressed  by  hand  through  chamois- 
leather,  which  retains  the  amalgam  to  be  re- 
torted. The  quantity  of  gold  in  the  amalgam 
depends  on  the  quality  of  the  former  :  if  rough, 
coarse  gold,  the  amalgam  will  only  lose  one- 
third  ;  if  medium-sized  gold,  one-half  the  amal- 
gam will  be  lost ;  and  when  the  gold  is 
very  fine,  nearly  two-thirds  in  weight  of  amal- 
gam will  be  lost  in  retorting.  The  process  of 
retorting  is  simple.  Tho  amalgam  is  placed  in 
the  cast-iron  retort,  which  is  carefully  jointed 
and  screwed  ;  tho  retort  is  then  placed  on  a 
large  fire,  and  the  end  of  a  tube  attached  to  it  is 
placed  in  a  bucket  of  water.  As  the  retort 
becomes  heated,  the  mercury  is  volatilized,  and 
{Kisses  into  the  water,  and  the  gold  remains  in 
the  retort  in  one  solid  lump,  nearly  pure  ;  it  is 
then  incited  in  a  crucible,  purified  from  any 
remaining  dross  with  a  little  carbonate  of  soda, 
or  borax,  and  cast  in  a  mould  ready  for 
market" 
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CHAPTER  III. 

MACHINES  FOK  WOKKIXO  IN  CLAY. 

Brick  and  tile  machinery,  but  a  few  years  ago, 
•was  comparatively  unknown  to  brickmakers 
or  builders,  bricks  and  tiles  having  been  made 
by  hand  moulding.  The  irregular  Buape,  variable 
consistency,  and  friability  of  liand-made  bricks, 
together  with  a  constantly  increasing  demand 
for  them,  drew  the  attention  of  engineers  and 
machinists  to  the  necessity  of  employing  ma- 
chinery in  the  manufacture  of  bricks.  Brick- 
making  machinery  is  of  two  general  classes, — for 
working  in  wet  clay,  and  for  working  in  (by- 
clay.  The  wet-clay  machines  have  been  more 
extensively  employed  than  the  dry -clay  machines, 
as  the  macliinery  is  simpler  and  cheaper,  and 
the  process  of  manufacture  is  more  easily  con- 
ducted by  means  of  unskilled  labour.  The 
perfecting  of  the  wet-clay  machines  has  never- 


theless been  a  labour  of  great  difficulty  and 
costly  experiment,  in  which  Messrs.  Henrv 
Clayton  it  Co.  have  taken  a  leading  part,  and  tii 
them  no  doubt  belongs  the  merit  of  advancing  the 
manufacture  of  wet-clay  bricks  by  mecluLiiical 
appliauces  into  a  regular  factory  system,  inde- 
pendent of  seasons  or  weather. 

The  wet  and  the  dry  processes  are  distinct  in 
principle  and  in  detail.  In  the  wet  process, 
bricks  are  formed  by  expression, — forcing  clay 
through  an  orilice  or  die,  which  consolidates  and 
shapes  it  during  its  passage  ;  in  the  dry  process 
bricks  are  formed  by  compression, — the  clay  being 
forced  into  moulds,  arranged  either  in  the  peri- 
phery of  a  wheel  or  cylinder,  or  in  a  circular 
table,  or  in  groups  of  single  blocks. 

Wet  or  Plastic  Clay  Machines. — The  principal 
novelties  in  these  machines  consist, — first,  in 
combining  in  one  macliine,  and  for  one  continu- 
ous process,  the  thrco  distinct  and  successive 
operations  of   crushing,    pugging,  and  brick* 


Fi«j.  SB, 


Wii-txiv  Biick-makisu  Macuisk,  by  Kcjir?.  Hmnjr  Clayton  A  Co.,  London. 


moulding;  secondly,  in  the  rotary  cylindrical 
dies,  both  of  which  are  due  to  Messrs.  11.  Clayton 
&,  Co.,  London.  Great  difficulty  has  beeu  expe- 
rienced in  moulding  by  macliinery  the  plastic 
clay  into  bricks,  so  as  to  obtain  sound,  sharp 
corners  instead  of  the  cracked  or  rounded  ones 
too  often  met  with  in  tins  productions  of  other 
machines.  It  is  wholly  overcome  by  Messrs. 
Clayton  it  Co.'s  rotary  dies.  The  great  friction 
of  the  clay  at  the  angles  of  common  dies,  and 
the  oblique  direction  followed  by  a  great  j«ut  of  | 


the  expressed  clay  in  escaping  from  the 
(bed-box  through  the  narrow  matrix,  tend  to 
distort  the  semi-fluid  prism  of  clay.  But  by 
substituting  for  fixed  sides  the  revolving  die 
at  each  end  of  the  mould  or  ajutage  from  which 
the  clay  is  expressed — retaining  the  fixed  top 
and  In  it  torn, — the  clay  is  relieved  from  the 
lateral  friction  of  the  fixed  sides,  and  Is  gradually 
compressed  and  freely  delivered  with  full  un- 
broken corners.  The  rollers  are  covered  with  a 
cloth,  stretched  tightly  round  them,  and  kept 
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constantly  moistened  by  a  small  stream  of 
water   from  a  email  tank  alx>vc  each  roller. 


of  wires  in  a  rocking  frame.  The  piston  for 
expressing  the  clay  is  moved  by  a  revolving 


The  continuous  rectangular  prism  of  clay  is  crank  with  a  connecting  rod  Messrs.  Clayton 
cut  up  into  bricks  in  the  usual  way,  by  a  series  j  «fc  Co.'s  machines  produce  from  20,000  to  40,000 
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Mi  -i-   11.  Ci  AYTOjr  &  Co.'s  Uricexaiisg  Micuise.    (Longitudinal  Section  of  the  Crushing  and  Pugging  Machinery.) 


bricks  per  day,  according  to  the  size  of  the 
machine.  They  are  adapted  for  making  solid, 
jierforated,  and  tubular  bricks,  also  tiles  and 
by  changing  the  dies  at  the  orifices  of  tlte 
feed-lMix  (figs.  232,  233,  234,  235). 

Mr.  P.  Efforts,  Manchester,  exhibited  models 
of  bricktnaking  machinery.  "  The  clay  is  fed 
into  a  hopper,  which  oj)ens  into  the  machine ; 
this  hopper  has  in  its  interior,  near  an  opening 
at  the  bottom,  a  shaft  with  revolving  combs  or 
beaters,  by  means  of  which  the  clay,  partly  pre- 
|«red  in  this  manner,  is  pressed  into  an  ellip- 
tical vessel,  called  an  elevator,  close  to  the  open- 
ing supplying  the  spiral  knives,  which  are 
enclosed  in  the  elevator,  in  which  there  is  a 
grate  or  grid  above  the  knives  for  the  retention 
of  stones  or  other  objectionable  matter.  The 
knives  raise  the  clay,  which  has  Wen  conveyed 
from  the  hopper  through  the  grate,  into  a  drawer 
which  runs  in  grooves  in  the  elevator.  When 


Fig.  »i. 


M(»i|!<.  II.  CHYTOJC  At  Co'R  BlllCKMAKIKO  MtCBIHI. 

(Tranareno  Section  of  the  Cruihiug  and  fugging  Machinery.) 


FIG.  233. 
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Kxss*t.  II.  Ciattox  &  Co' a  Bbickmikisq  MaCiusb.    (Sectional  View  of  the  Brick-moulding  and  Cutting  Machinery.) 


the  drawer  has  been  pushed  forward,  the  clay  is 
pushed  out  over  the  mould,  which  is  then  closed, 


and  on  the  same  level  as  the  elevator,  and  is  then 
pressed  into  the  mould  by  means  of  a  closely- 
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fitting  presser.  Aocording  to  the  size  of  the 
machine,  from  four  to  ten  bricks  may  Im*  formed 
in  the  moulds.  After  the  pressure,  the  piston 
is  moved  out  of  the  drawer,  when  the  latter 
moves  back  again  over  the  elevator  to  be  filled 
afresh.  During  the  time  of  refilling,  the  piston 
descends  once  more,  and  when  coming  up  again 
the  bricks  are  raised  in  conjunction  with  a 
pusher,  which,  during  the  pressure,  forms  the 
bottom  of  the  moulds.  The  bricks  arc  then 
pushed  by  the  returning  drawer  ou  to  an  end- 
less apron-  After  pushing  them  off,  the  pusher 
moves  back  again  into  the  moulds,  and  the 
movement  of  the  machine  is  repeated.  Accord- 
ing to  the  number  of  bricks  to  bo  produced,  an 
elevator  receives  on  one  or  l>oth  sides  the  above- 
mentioned  presser,  which  works  in  such  a 
manner  that  one  piston  ascends  as  the  other 
descends,  in  order  to  raise  the  bricks  previously 
pressed  by  it.  The  drawer  must  have  two  |>aral- 
lel  compartments,  so  that  when  one  is  empty, 
the  other  one  may  stand  over  the  elevator  for 
re-filling.  The  brick  machine  can  be  made  to 
be  driven  by  steam-engines  fixed  on  the  top  of 
the  machine  (the  boiler  being  then  alongside 
the  brick  machine),  or  by  spur-wheels  or  belts 
from  fixed  or  portable  steam-engines." 

Messrs.  E.  Page  &  Co.,  Bedford,  exhibited 
three  machines  for  making  bricks,  pipes,  and 
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DorDLi.rniajnu*o  Buirs,  Pir*.  »xn  Tn.«  Minimi, 
by  Meaan.  K.  Page  &  Co.,  IfoUord. 

tiles  : — 1.  A  Double-chamber  Brick,  Pipe,  and  Tile 
Machine,  for  hand,  hoi>*e,  or  steam  power ;  in 
which  the  pistons  are  driven  by  an  excentric, 

Fig.  237. 


SixcLl-cmirBBiim  Buck  Machrti,  by  Mmn.  E.  Page  k  Co. 

instead  of  a  rack-and-pinion,  causing  one  lx>x  or 
cylinder  containing  the  clay  to  1h?  emptied 
whilst  the  other  is  being  filled.    The  machine 


makes  draining  pipes  up  to  7  inches  in 
(fig.  236).  2.  A  Single-chamber  Brick,  Pijje,  and 
Tile  Machine,  for  hand-power  ;  in  which  the 
piston  is  driven  by  means  of  a  double  rack  and 
two  pinions.  It  is  capable  of  making  pipe*  of 
from  1|  to  13  inches  in  diameter  (fig.  237). 
3.  A  Small  Single-chamber  Pijte  and  Tile  Machine, 
for  hand-power,  similar  to  the  preceding  machine, 
but  fitted  with  one  rack  only ;  adapted  for 
small  tileries,  or  on  private  estates.  It  can  be 
worked  by  a  stout  hid  (fig.  238). 

Fio.  238. 


Small  Pin  akb  Tin  Kxchise,  by  Mmn. 
E.  Page  *  Co. 

Messrs.  Sharp  cc  Bulmer,  Middlesboro,  exhi- 
bited a  small  hand-jxneer  brick  and  tile-making 
machine,  to  turn  out  5,000  bricks,  or  10,000 
2-inch  draining  tiles  per  day.  The  motion  is 
continuous,  the  machine  being  fed  with  clay 
while  at  work.  Elliptical  gearing  is  em- 
ployed for  the  purpose  of  varying  the  speed, 
and  consequently  the  pressure,  during  each 
revolution,  in  the  proportion  of  six  to  one, 
so  that  sj>eed  is  gained  where  wanted  in 
the  process,  and  leverage  for  thrusting 
out  the  bricks.  The  bricks  are  walled 
direct  from  the  machine  (fig.  239). 

M.  Cazenove,  Paris,  exhibited  a  novel 
mode  of  cutting  off  the  bricks  of  the  re- 
quired dimensions  from  the  stream  of 
clay,  with  shaq>,  rectangular  corners. 
The  clay  is  delivered  ou  am  endless  re- 
volving series  of  planks,  each  plank  carry- 
ing a  catch,  which,  as  it  moves  forward, 
engages  the  cutting  wire,  which  is  stretched 
upon  a  double  wheel  frame,  and  pushing  it 
l>efore  it,  causes  it  to  descend  upon  the  clay  by 
the  rotation  of  the  wheel  frame,  and  to  make  an 
exactly  vertical  cut  through  the  clay,  to  form 
two  sides  of  the  bricks.  This  machine,  worked 
by  hand,  cuts  off  10,000  bricks  per  day. 

]>ry-Vlay  Machines. — These  machines  operate 
on  the  principle  of  forcing  dry  or  semi-dry 
clay  into  moulds  by  strong  pressure.  Plastic 
clay  can  be  moulded  into  bricks  by  much  less 
pressure  than  when  in  a  dry  state,  and  the 
bricks  made  by  it  are  more  coherent ;  but,  by 
using  semi-dry  clay,  many  inconveniences  attached 
to  the  plastic  system  are  entirely  obviated. 
For  example,  by  using  semi-dry  material,  the 
bricks  arc  not  handled  while  in  a  condition 
liable  to  be  deformed  and  distorted ;  and  the 
drying  of  them  is  done  away  with,  by  which  a 
great  deal  of  time  is  saved,  as  well  as  the  risk 
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of  damage  by  wet  weather.  The  clay  might  be 
used  iu  the  state  of  semi-dryness  in  which  it 
commonly  leaves  the  earth.  Bricks  made  by 
this  process  are  remarkable  for  external  accuracy 
and  beauty  ;  they  can  be  moulded  in  a  great 
variety  of  shapes  and  ornamental  designs  without 
additional  cost. 

Mr.  W.  Wilson,  Glasgow,  exhibited  a  acmi- 
dry-clay  brickmaking  vxachine  specially  adapted 
for  making  fire-bricks,  in  which  the  dry  pul- 
verized clay  is  prepared  for  the  pressure  it  is 
intended  to  receive  by  conveying  it  through  a 
chamber  filled  with  steam,  where  it  is  j>artially 
softened,  and  rendered  plastic  by  the  conden- 
sation of  the  steam ;  consequently  only  a  moderate 
pressure  is  required,  which  is  regulated  by  a 
hydraulic  buffer  acting  between  the  brick  and 
the  compressing  ram.  In  this  way  the  ma- 
chinery is  neither  stopped  nor  broken  by  stones 
accidentally  in  the  way,  or  by  any  excess  of  clay 
in  the  mould.  A  hopper  is  placed  above  the 
moulding-table,  which  contains  the  horizontal 
moulds,  within  which  an  upright  shaft  carrying 
four  blades  is  kept  in  continual  motion,  so  as 
to  fill  the  mould  thoroughly  during  its  short 
stoppage.  Two  compressing  cylinders  are  placed 
opposite  each  other  under  the  circular  moulding- 
table  ;  the  first  one  compresses  the  soft  clay  to 
a  certain  extent,  and  the  second  gives  the  final 


compression-  The  brick  is  then  forced  out  of 
the  mould  by  means  of  its  respective  compress- 
ing plunger,  which,  in  the  order  of  the  circular 
motion  of  the  table,  glides  up  a  fixed  incline  and 
is  forced  into  the  mould.  The  bricks  mado  by 
this  machine  are  said  to  be  capable  of  being 
stacked  in  the  kiln  and  burnt  forthwith,  without 
any  process  of  drying  ;  and  the  machine  is  said 
to  l)o  capable  of  turning  out  20,000  bricks  per 
day. 

Messrs.  Bradley  <fe  Craven,  Wakefield,  ex- 
hibited a  dry-clay  machine,  in  which  the  clay  is 
delivered  as  it  leaves  the  earth,  without  any 
addition  of  moisture,  and,  after  its  pulverization, 
is  introduced  into  one  pair  of  moulds  placed  on 
a  rotating  table,  while  two  others  are  submitted 
to  strong  pressure  by  pistons ;  and  the  bricks 
are  discharged  from  the  moulds  by  a  fixed  in- 
cline, upon  which  the  lower  end  of  the  piston 
is  obliged  to  travel.  This  machine  produces 
15,000  bricks  per  day.  The  same  firm  construct 
larger  machines,  in  which  the  pressure  is  given 
first  by  a  piston,  forming  a  movable  bottom  to 
tho  mould,  and  afterwards  by  another  piston 
working  downwards.  By  this  contrivance  the 
diminution  of  pressure  in  the  bottom  layers  of 
clay,  when  compressed  only  from  above,  is  ob- 
viated, and  all  the  corners  come  out  equally 
sharp  and  finished  (fig.  240,  page  256). 
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Messrs.  Piatt  Brothers  «!k  Co.,  Oldham,  ex- 
hibited samples  of  bricks  manufactured  by  them 
by  the  dry-clay  process.  The  machinery  for 
this  puqx)se,  invented  by  them,  has  hcen  very 
fully  matured  in  all  its  departments.  It  was 
too  large  for  exhibition  ;  but  the  annexed  de- 
scription, with  the  illustrative  plates,  elucidate 
the  arrangements  very  completely  (Plates  XIX. 
to  XXV.) 

The  clay  is,  in  the  first  place,  excavated  and 
filled  into  iron  waggons,  which  are  moved  on 
iron  rails  to  the  foot  of  an  incline,  upon  which 
they  are  drawn  up  by  a  i>ower-eraue,  and  tipped 
into  a  hopper,  in  which  the  larger  pieces  are 
divided  by  means  of  two  screws  revolving  at 
different  speeds  in  contrary  directions.  The 
screws  apprr>ach  each  other  at  their  upper  sur- 
faces, and  are  carried  in  two  cliannels  forming  the 
bottom  of  the  hopper.  The  larger  pieces  are 
broken  by  the  forcing  action  of  the  screws  over  the 
ridge  which  separates  the  channels ;  and  the  clay 
is  forced  by  the  threads  of  the  screws  through 
the  channels  into  a  drying  cylinder  to  which 
the  hopper  is  attached.  The  third  operation 
is  to  dry  and  further  to  reduce  the  pieces 
of  clay,  by  passing  them  through  the  drying 
cylinder.  This  cylinder  is  />  feet  in  diameter 
and  35  feet  in  length,  and  is  placed  in  an  in- 
clined position,  and  carried  upon  and  rotated 
by  friction-rollers  on  a  longitudinal  shaft.  The 
cylinder  is  fitted  in  the  interior  with  six  lines 


of  shelves  on  the  circumference,  running  longi- 
tudinally, and  fixed  at  a  suitable  angle  to  lift 
the  clay  from  the  bottom  to  nearly  the  top, 
when  the  clay  falls  off  the  shelves.  The  cylinder 
is  made  with  two  series  or  rings  of  spaces,  ten 
feet  apart,  through  which  the  smaller  pieces  of 
clay  fall  into  a  trough  lwneath  the  cylinder, 
whilst  the  larger  pieces  advance  to  the  end, 
where  they  fall  upon  one  side  of  an  inclined 
grate-hopjKjr,  and  are  sufficiently  divided  by  a 
series  of  rings  or  revolving  pick-j>omts  pro- 
truding through  the  spaces  between  the  bars  in 
the  bottom  of  the  hopper,  when  they  drop 
through.  The  clay  is  dried  by  a  fan-blast  of 
hot  air  forced  through  the  cylinder,  by  which 
the  vajwurs  are  carried  off  to  a  funnel  at  the 
top  and  over  the  hopper.  The  hot  air  is  drawn 
from  the  kiln  in  which  the  bricks  remain  for 
cooling  after  liaving  been  burnt,  or  by  a  fire 
and  flues  in  the  floor  under  the  cylinder.  By 
the  constant  fall  of  the  clay  through  the  hot  air, 
it  is  dried  and  broken  dowii  jis  it  advances 
through  the  cylinder.  The  trough  lteneath  the 
cylinder  extends  under  the  hopj»er,  to  receive 
the  final  discharge  from  it,  and  is  furnished  with 
a  projielling  screw,  to  convey  the  clay  to  the 
pulverizer.  The  trough  is  covered,  except 
where  it  is  open  for  receiving  the  clay,  and  a 
fan-blast  of  hot  air  is  forced  through  it,  from 
which  the  screw  absorbs  and  transmits  the  heat 
further  to  dry  the  clay  in  wliich  it  revolves.  In 
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the.  pulverizer  it  is  reduced  to  powder,  with  pieces 
not  exceeding  the  size  of  a  j>ea,  the  larger  pieces 
or  stones  being  sejiarated.  The  pulverizer  is  cylin- 
drical, 3  feet  in  diameter  and  8  feet  long,  formed 
of  bars  of  iron  placed  longitudinally,  of  a  trun- 
cated wedge-fbrm  in  section,  -*f  inch  apart  at 
the  inner  sides,  and  TT,  inch  at  the  outer  side, 
leaving  taj>er  interstices  to  allow  the  clay  to 
pass  freely  through  between  the  bars.  The 
cylinder  makes  twenty -rive  revolutions  per 
minute,  on  an  inclined  axle,  which  is  stationary. 
A  number  of  weights  or  pulverizers  are  attached 
to  two  bars  of  irons  within  the  cylinder,  one 
as  a  fulcrum,  and  the  other  as  a  rest. 
They  are  serrated  on  the  under  side,  which 
is  formed  to  a  slightly  flatter  curve  than 
the  inside  of  the  cylinder,  thus  approaching 
nearer  to  the  surface  of  the  cylinder  at  their 
ends  than  at  the  middle  or  lowest  part,  in  order 
to  allow  the  clay  and  stones  to  enter  the  inter- 
space, by  the  motion  of  the  cylinder,  to  be 
crushed  as  they  are  earned  round  towards  the 
ends  of  tlu?  pulverizers.  The  upjwr  sides  of  the 
pulverizers  are  inclined,  to  induce  the  clay  and 
stones  that  have  passed  unbroken  to  roll  Imck 
to  the  bottom  of  the  cylinder,  and  pass  under 
another  of  the  weights  to  be  crushed.  The 
lower  end  of  the  pulverizer  is  open  for  the 
escape  of  the  unbroken  clay  and  stones.  The 
clay  which  falls  tlirough  the  pulverizers  is 
collected  in  a  hopper,  from  wliich  it  is  taken 
by  an  elevator-strap  with  small  buckets,  and 
delivered  into  a  spout,  from  which  it  falls,  and 
is  conveyed  to  two  pairs  of  chilled  rolls,  which 
crush  the  stone  to  dust  and  spread  the  clay  into 
.small  sheets.  From  a  hopjwr  In-low,  the  materials 
aire  again  elevated  and  delivered  into  a  spout, 
from  which  they  fadl  to  the  centre  of  a  disinte- 
grator, by  wliich  the  sheets  of  clay  are  reduced 
to  a  tine  moist  powder.  The  disintegrator  con- 
sists of  a  disc  30  inches  in  diameter,  on  the 
lower  end  of  a  vertical  spindle,  with  four  concen- 
tric rings  of  round  iron  pins  8  inches  long,  fixed 
into  the  disc,  parallel  to  the  axis,  and  united  at 
the  upper  ends  in  a  round  plate  of  iron,  with  an 


aperture  at  the  centre  to  admit  the  clay.  The 
innermost  circle  of  pins  is  12  inches  in  diameter. 
This  ap]taratus  revolves  within  a  casing,  and 
makes  7<»0  revolutions  per  minute,  and  by  its 
centrifugal  action  breaks  up  the  whole  of  the 
clay  into  powder,  in  the  course  of  its  passage 
through  the  successive  cages.  The  clay  is  col- 
lected at  the  bottom  of  the  casing,  which  is 
formed  conically,  to  discharge  the  clay,  and  re- 
volves at  a  slow  speed.  By  means  of  a  fixed 
RCraj>er  at  the  lower  part,  the  clay  is  prevented 
from  accumulating  in  and  adhering  to  the  hop- 
per. The  clay  thus  discharged  is  delivered  into 
a  hopper  to  feed  the  press,  in  which  it  is  made 
into  bricks, 

The  bottom  of  the  hopper,  or  the  charger,  as 
it  is  called,  is  moved  by  means  of  cams  and 
levers,  with  a  reciprocating  sliding  motion  ;  in 
the  front  ]K>rtion  of  the  charger  there  art?  four 
cavities  which  are  tilled  with  clay-dust  from  the 
hopper  when  they  are  under  it.  The  charger 
is  then  moved  over  the  moulds,  when  it  jkisscs 
under  an  adjustable  striker,  by  which  the  proper 
quantity  of  dust  to  form  a  brick  is  measured, 
when  the  upper  piston  falls  and  finishes  the 
charge.  The  charger  lieing  then  withdrawn, 
the  piston  falls  a  second  time,  and  the  brick 
receives  a  double  pressure  from  two  pistons,  one 
from  above  and  one  from  l>elow,  res{X'ctively 
depressed  and  elevated  by  cams,  but  at  different 
rates,  so  that  the  newly-formed  brick  is  slightly 
shifted  vertically  in  the  mould  while  receiving 
the  final  pressure. 

By  the  application  of  this  slight  vertical  move- 
ment the  brick  is  prevented  from  sticking  to  the 
mould,  and  is  readily  lifted  from  it  entire ;  the  brick 
is  lifted  by  the  action  of  the  lower  cam,  which 
raises  l>oth  the  lower  and  upjwr  pistons.  There 
is  a  series  of  upper  and  lower  pistons  and  moulds, 
which  are  acted  Dpon  by  a  single  cam  above,  and 
another  below.  The  charger,  in  supplying  the 
next  feed,  pushes  off  the  newly-formed  bricks, 
to  l)e  removed  by  hand,  and  burned.  This 
machine  is  capable  of  turning  out  20,000  bricks 
per  day. 


SECTION  VI. 
MACHINES  FOR  WORKING  IN  SUGAR  AND  OIL. 


CHAPTER  1. 

SUGAR*  MILLS. 

In  the  display  of  sugar-mills  at  the  Exhibition, 
most  observers  probably  remarked  the  massive 
projiortious  of  the  English  machinery.  To 
foreigners,  and  even  to  Englishmen  at  home,  they 


appeared  excessively  strong,  and  overdone  in 
their  massiveness ;  and  they  have  been  freely 
criticised  from  this  point  of  view.  But  there 
is  no  difficulty  in  finding  faults  where  experi- 
ence is  wanting  to  guide  the  judgment ;  and 
amongst  other  comparisons,  the  coui|iarisoii  of 
a  sugar-mill  steam-engine  with  a  locomotive 
engine  is  eminently  iirelevant  ;  for  though 
in  a  locomotive  the  machinery  may  be  ob- 
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jectionably  heavy,  and  it  is  sought  specially 
to  combine  compactness  and  lightness  with 
strength,  the  exigencies  of  a  sugar-mill  steam- 
engine  are  distinctly  different.  The  first  point 
of  all  is  to  obtain  enormous  strength  and 
stiffness,  and  this  can  best  l>e  done  by  the 
unsparing  use  of  material.  Breakages  frequently 
occur  of  the  very  strongest  sugar  machinery, 
through  sheer  carelessness  or  deliberate  negli- 
gence. Negroes  in  the  sugar-growing  couutries, 
when  they  wont  a  holiday,  drop  a  piece  of  iron, 
or,  if  that  will  not  do,  a  cold  chisel,  amongst  the 
gearing,  and  break  it,  or  overstrain  the  ma- 
chinery. 

But  sugar- grinding  machinery  undergoes  its 
severest  trials  from  careless  feeding  of  the  canes 
to  the  mill,  by  the  irregular  distribution  of  the 
canes  upon  the  cane-carrier.  Should  a  few  feet 
of  the  cane-carrier  be  but  thinly  supplied  with 
cane,  and  followed  by  a  large  dense  bundle,  the 
engine  has  time  to  run  off  at  a  high  speed, 
when  it  may  in  full  swing  be  brought  up  to  a 
dead  stand  in  a  few  strokes,  by  a  mass  of  canes 
utterly  out  of  proportion  to  the  sjmces  at  whieh 
the  rollers  are  set.  Hence  the  extreme  neces- 
sity for  extra  strength  in  the  gearing  and  frame- 
work. 

There  are  no  doubt  also  the  prejudices  of  the 
users  of  sugar  machinery  to  contend  with. 
Some,  as  the  Spaniards,  like  ornament  and 
bright  work  ;  the  English  abroad  will  not  have 
it,  and  would  probably  put  a  coat  of  tar  ujmhi  a 
l>oUshcd  column.  But  everybody  likes  the 
appearance  of  a  well-made  six-column  beam- 
engine  ;  and  if  users  choose  to  have  and  to  \my 
for  it,  there  is  no  good  reason  why  it  should  be 
abandoned  for  the  horizontal  engine. 

According  to  the  regular  practice  of  sugar-mill 
constructors,  the  machinery  is  divided  into  and 
treated  as  three  distinct  portions, — the  steam- 
engine,  the  gearing,  and  the  mill, — which  arc 
placed  on  indcjwndent  baseplates  aud  founda- 
tions. It  is  the  practice  in  Cuba  to  range  the 
base-plates  on  one  level  ;  but  in  the  British  plan- 
tations they  are  generally  ranged  on  different 
levels. 

Sugar-cane  contains  from  SO  to  90  per  cent, 
of  its  own  weight  of  juice,  holding  in  solution 
about  20  ]>er  cent,  of  pure  sugar.  Of  this 
quantity,  about  one-half  is,  by  the  usual  process 
of  manufacture,  obtainable  in  the  form  of  crystal- 
lino  sugar,  whilst  the  remainder  is  converted 
into  molasses  and  rum.  In  order  to  express 
from  the  cane  the  greatest  possible  amount  of 
juice,  many  ingenious  modes  of  pressing  have 
been  suggested  and  tried,  but  they  have  all  l>cen 
found  to  be  inferior  in  efficiency  to  the  method 
of  crushing  by  rollers  ;  and  of  this  form  of  ma- 
chine, it  has  been  proved  by  experience  that  a 
well-proportioned  three-roller  mill  combines  in 
the  highest  degree  the  requirements  of  simplicity, 
efficiency,  and  durability. 

Sugar-mills  of  the  largest  dimensions,  like 
that  exhibited  by  Messrs.  Mirrlees  &  Toit,  are  | 


mostly  reqxured  for  the  island  of  Cuba,  where, 
from  the  immense  extent  of  land  under  cultiva- 
tion, and  the  comparatively  short  jwriod  (from 
four  to  five  months)  in  which  the  crop  is  to  l»e 
manufactured  into  sugur,  not  only  1ms  a  large 
amount  of  work  to  be  j>erformed  in  the  given 
time,  but  there  must  be  the  utmost  amount  of 
security  against  breakage  of  any  iinjjortant  ]>arts. 
Instead  of  one  mill  of  such  large  proportions  as 
Messrs.  Mirrlees  it  Tait's,  having  33-inch  rollers, 
7  feet  in  length,  it  is  occisionally  the  practice 
to  connect  two  mills  of  smaller  size  to  the  same 
engine.  Next  to  Cuba,  in  the  employment  of 
such  large  crushing  power,  ranks  Dememra; 
then  Mauritius,  Surinam,  and  Porto  Rico  ; 
whilst  mills  with  rollers  26  and  28  inches  dia- 
meter and  5  feet  long  may  be  found  all  over  the 
West  Indies,  at  Port  Natal,  and  even  at  the 
Sandwich  Islands. 

Messrs.  Mirrlees  it  Tait,  Glasgow,  exhibited 
one  of  the  largest  and  most  powerful  sugar-mills 
now  in  use.  This  mill  has  l>een  maturely  and  sub- 
stantially designed,  and  solidly  constructed  ;  it 
is  capdde  of  expressing  with  ease  4,000  gallons 
of  juice  per  hour,  yielding  about  two  tons  of 
sugar.  The  production  for  one  season  of  100 
days  amounts  to  from  4,000  to  f»,00l)  tons  of 
sugar.    (Plate  XXVI.) 

This  sugar-mill  consists  of  a  six-columned 
high-pressure  beam-engine,  having  a  cylinder  22 
inches  diameter,  with  a  stroke  of  4  feet  0  inches, 
making  thirty-four  revolutions  per  minute.  The 
usual  working  pressure  employed  is  701b.  per 
square  inch.  The  steam  is  admitted  to  the 
cylinder  by  the  usual  three-port  slide-valve  eut- 
ting  off  at  three-fourths  of  the  stroke,  while  a 
further  degree  of  expansion  Is  provided  for  by  a 
separate  mid-iron  expansion- valve,  having  a 
slotted-link  motion,  adjustable  to  any  degree  of 
expansion  whilst  the  machinery  is  in  motion. 
For  the  manufacture  of  sugar,  however,  there 
is  not  much  importance  attached  to  nicety  of 
expansive  working,  as  the  engines  are  invari- 
ably worked  to  the  utmost  extent  of  their 
capability,  whilst  the  heat  of  the  exhaust  steam 
is  economically  made  use  of  in  the  clarification 
and  evajsiration  of  the  cane -juice.  For  this 
reason,  as  well  as  for  greater  simplicity,  non- 
condensing  engines  are  preferred  to  condensing 
engines. 

The  jwwer  of  the  engine  is  transmitted,  and 
the  speed  reduced  to  the  required  velocity  of 
rollers,  by  a  heavy  tmin  of  compound  gwiring, 
firmly  secured  to  a  massive  cast-iron  bed-plate 
on  the  same  level  as  that  of  the  engine.  The 
reduction  of  speed  is  effected  by  the  gearing  in 
two  stages,  and  is  as  16  to  1,  the  rollers  making 
one  revolution  for  sixteen  revolutions  of  the 
engine. 

The  mill  proper  is  a  three-roller  mill,  with 
rollers  33  inches  diameter  ami  7  feet  long. 
The  bed-plate,  which  also  forms  a  trough  for  the 
reception  of  the  cane-juice  as  it  falls  from  the 
rollers,  is  of  cast-iron,  and  it  weighs  over  5  tens. 
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The  head*t<x:k.s  or  mill-cheeks,  which  carry  the 
hearings  of  the  three  rollers,  are  fixed  to  the 
bed-plate.  These  aro  necessarily  very  heavy, 
having  to  receive  the  whole  strain  of  the  work 
j>erformed,  which  may  l>e  at  this  point  taken  as 
the  whole  force  of  the  engine  acting  through  a 
leverage  of  16  to  L,  The  centres  of  the  top  roller 
are  a  fixture,  being  placed  directly  in  a  line 
with  the  shaft  of  the  large  gearing-wheel.  The 
roller  Ls  secured  from  rising  by  heavy  covers  of 
cast-iron,  fixed  down  by  four  wrought-iron  liolts 
4£  inches  in  diameter,  which,  extending  down- 
wards completely  through  the  metal  of  the 
headstocks  and  mill-bed,  are  secured  by  cottars 
and  wrought-iron  plates  underneath  the  heavy 
timbers  on  which  the  mill  rests.  By  thus  carry- 
ing these  bolts  down  through  the  mill,  not  only  is 
the  lieadstock  relieved  from  strain,  but  the 
additional  elasticity  of  long  bolts  and  timber 
beams  is  obtained,  permitting  the  top  roller  to 
yield  to  a  certain  extent  to  the  extraordinary 
pressure  occasioned  by  the  frequent  gluts  of 
canes  supplied  to  the  milL  The  side  rollers  are 
of  the  same  dimensions  as  the  top  roller,  with 
strong  flanges  in  addition  at  the  ends,  between 
which  the  top  roller  revolves,  thus  preventing 
the  canes  escaping  past  the  ends  of  the  rollers. 
The  two  aide  rollers  are  each  separately  adjust- 
able, in  a  horizontal  direction,  to  any  required 
distance  from  the  top  roller,  by  means  of  power- 
ful set-screws  fitted  into  the  outer  ends  of  each 
headstock.  Each  of  the  side  rollers  is  adjusted 
se]>arately  in  relation  to  the  top  roller.  The 
front  roller,  or  that  which  first  receives  the 
canes,  is  usually  kept  to  a  distance  of  from 
£  inch  to  1^  inch  apart  from  the  top  roller,  so 
as  readily  to  bite  and  take  through  the  mass  of 
canes  supplied  to  it  from  the  cane-table.  The 
cane-table  is  a  malleable-iron  plate  of  the  same 
width  as  the  rollers,  and  rising  from  the  front 
roller  at  a  considerable  angle  to  alxnit  5  feet  in 
height.  This  table  is  attached  to  castiron  sides, 
which  confine  the  canes  sidewise  when  falling  into 
the  mill,  and  are  attached  to  the  headstocks  at 
each  side,  and  also  to  a  cast-iron  frame-work, 
which  carries  the  driving  mechanism  of  the 
cane-carrier. 

The  cane-C!irrier  consists  of  two  endless  chains 
revolving  on  two  drums,  one  of  which  is  placed 
at  the  top  of  the  cane-table,  and  the  other  at 
any  distance,  according  to  the  length  of  cane- 
carrier  required.  The  length  for  a  mill  of  this 
uvu:  is  generally  from  100  to  120  feet  The 
chains  may  either  lx?  at  the  ends  of  the  drums, 
or  nearer,  but  they  are  connected  together  by 
strips  of  board  fastened  to  each  link,  about  5  or 
6  inches  broad,  and  generally  of  the  same  length 
as  the  rollers,  forming  a  complete  endless  travel- 
ling table.  Motion  is  given  to  this  table  by  a 
pair  of  pitch-chain  wheels,  one  on  the  end  of 
the  front  or  cane-roller  gudgeon,  and  the  other 
on  the  upjxjr  drum-shaft,  and  of  such  propor- 
tions that  the  surface  of  the  table  sliall  move  at 
a  rate  of  from  one-sixth  to  one-third  slower  than 


the  surface  of  the  rollers.  An  ingenious  double- 
cone  friction-clutch  is  provided,  whereby  the 
carrier  may  be  instantly  stopped  or  started. 
Another  apparatus  of  similar  design  is  attached 
to  the  other  side  of  the  mill,  for  receiving  the 
mcgass  or  crushed  cane  after  being  separated 
from  the  juice,  and  carrying  it  clear  of  the  mill- 
house,  for  the  purpose  of  being  stacked,  or  of 
being  made  use  of.  This  megass  or  refuse  cano 
is  the  principal,  and  in  many  cases  the  only, 
fuel  employed  in  the  manufacture  of  sugar ;  and 
the  state  in  which  it  is  delivered  from  the  mill 
is  a  matter  of  some  importance.  Should  the 
liack  roller  be  too  close  for  the  amount  of  canes 
itassing  through,  the  megass  will  Ik?  reduced 
almost  to  a  state  of  powder,  which,  when  diy, 
is  too  light  and  volatile  to  be  of  much  use  as 
fuel ;  and,  again,  if  the  rollers  are  not  close 
enough,  the  mcgass  will  contain  too  much  juice, 
to  the  serious  loss  of  the  planter,  and  will,  if 
not  very  speedily  dried  again,  suffer  deteriora- 
tion as  fuel  by  the  acetic  fermentation  which 
immediately  sets  in.  The  quality  of  the  megass 
is  again  affected  by  the  velocity  with  which  it 
is  passed  through  the  mill,  and  on  tliis  point 
almost  every  maker  and  every  planter  holds  par- 
ticular opinions.  A  circumferential  speed  of 
roller-surface  of  about  18  feet  per  minute  is 
found  to  produce  very  good  results,  delivering 
the  megass  in  good  condition,  and  extracting,  if 
the  rollers  be  properly  adjusted,  between  05  and 
75  per  cent,  of  juice  from  the  cane. 

To  estimate  the  amount  of  work  that  can  be 
done  by  a  mill  of  this  description,  the  quantity 
of  canes  passing  through  the  mill  in  a  given 
time  may  be  deduced  from  the  speed  of  the 
cane-carrier.  In  a  machine  of  this  size,  the 
cane-carrier  is  continually  kept  filled  with 
canes  to  a  depth  of  from  12  to  14  inches,  which, 
at  7  feet  wide  iuhI  15  feet  per  minute,  gives  a 
delivery  of  about  6,500  cubic  feet  per  hour, 
which,  packed  in  that  manner,  yields  about  4,000 
gallons  of  cane-juice,  equivalent  to,  say,  2  tons  of 
dry  sugar  per  hour. 

Although,  as  already  stated,  the  mill  can  ex- 
press this  quantity  of  juice,  under  ordinary 
circumstances,  with  canes  of  average  ripeness, 
yet,  in  order  fully  to  provide  for  the  occasional 
crushing  of  more  watery  canes,  the  pump  which 
receives  the  juice  as  it  Hows  from  the  mill-lied 
and  delivers  it  to  the  steam  clarifiers  or  other 
receivers,  is  made  of  sufficient  capacity  to  raise 
at  least  one-fourth  more. 

The  following  particulars  of  the  weight  of  the 
sugar-mill  exhibited  by  Mexsrs.  Mirrlees  &  'Fait 
show  how  the  mass  is  distributed,  in  the  three 
divisions  of  the  mill,  thus  : — 

Ton*  cvrt.  qr. 

Stoani-ciifcHno    44     9  0 

Gearing   37     0  0 

Mill    G2     0  U 

Total  Weight  143     9  0 

8  2 
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These  are  detailed  in  the  subjoined  list : — 
Stcaiu-cuginc — 

Ton»  cwt.  qr. 

1  Solo-plato                                    7  11  0 

1  Kntablaturo                                  3  5  2 

1  Working  Beam                              2  5  0 

G  Si' lr  Columns                               &  2  0 

1  Cylinder  and  Casing                        -  10  0 

1  Flywheel                                    13  10  0 

1  Crank  Shaft                                 2  2  0 

Other  article*  not  particularly  heavy  8  0  2 

41  9  0 

Gearing : — 

Tuiu  cwt.  qr. 

1  Bed-plate  in  halves                         7  2  0 

1  Large  Spar-wheel   U  10  O 

1  Second  size  Spur-wheel                  2  8  0 

1  Spur-wheel  Shaft                           2  13  0 

2  Couplings                                    2  7  2 

2  Stools  and  Pillow-blocks                  -1  7  0 

Other  articles  mot  particularly  heavy  6  1-  2 

37  0  0 

Sugar-mill : — 

Todi  cwt.  <jr. 

1  Mill  Bed-plate                             6  2  0 

2  Mill  Hcadstocks  11  2  0 

2  Covers  for  ditto                              1  9  0 

1  Top  Roller  and  Gudgeon                  0  IS  0 

2Sido  ditto      ditto   17  It  0 

3  Roller  PinionB                               3  10  1 

1  Liquor  Pump  and  Tank                  2  3  0 

Other  articles  not  particnlary  heavy  11  4  3 

62  0  0 


Total  Weioiit  (say)  1131  ToNS- 

Messrs.  W.  «fc  A.  M'Onie,  GkutgOW,  exhibited 
a  30-horsc  power  augur-mill  and  beam-engine  in 


complete  working  order, — well  designed  and  well 
constructed.  The  cylinder  is  21  inches  in  dia- 
meter, with  a  3  Meet  stroke  |  and  is  fitted  with 
a  variable  expansion-valve,  working  on  the  back 
of  the  ordinary  valve,  the  travel  of  the  valve 
being  variable,  hy  varying  the  throw  of  the 
exc  nitric.  The  fly-wheel  is  18  feet  in  diameter, 
and  Is  keyed  upon  a  square  shaft,  in  preference 
to  a  round  one,  the  lietter  to  resist  the  violent 
strains  of  the  null.  The  governor  is  driven  by 
means  of  a  neatly  constructed  pitch -chain  [leased 
over  steel  teeth  fixed  on  the  circumference  of  the 
crank  eye  or  nave,  made  to  act  as  a  driving- 
wheel.  The  fly-wheel  shaft,  crank,  connecting- 
rod,  beam-centres,  and  other  working  parts  arc 
of  forged  iron.  The  engine  was  regulated  to  make 
30  revolutions  per  minute,  and  to  work  up  to  70 
or  80-horse  power. 

The  rollers  are  28  inches  in  diameter,  by 
5i  feet  long.  The  mill  bed-plate  forms  the 
l-eccivcr  for  the  cane -juice  ;  the  cheeks  an; 
made  with  removable  diagonal  stay-bars  and 
filling-blocks,  for  readily  removing  or  replacing 
the  side  rollers.  The  up|>er  roller  is  held  down 
by  two  4^-inch  iron  bolts,  passed  down  through 
the  mill  and  the  foundation  l>eams  of  timber. 
The  elasticity  of  the  timber  cases  the  mill  when 
unduly  fed  with  came.  The  front  roller  Is  set 
by  set-screws,  \  inch  apart  from  the  top  roller, 
and  the  back  roller  is  set  nearly  in  contact  with 
it.  A  "  dumb  turner "  is  placed  between  the 
side  rollers  for  advancing  the  cane*  after  having 
]»ascd  the  front  roller,  for  a  second  squeeze 
between  the  back  ami  top  rollers. 

The  engine  is  connected  to  the  mill  by  double- 
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Stsak-Ksgivk,  roi  Si  dab-Mill,  !>y  Mcium.  W.  &  A.  M'Onie,  OU«gow. 


spur-gearing,  of  which  the  rim  of  the  largest 
wheel  is  built  in  segments.    The  gearing  is  so 


proportioned  as  to  give  to  the  rollers  a  circum- 
ferential velocity  of  19  feet  per  minute  (fig.  211). 
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Sugar-mills  of  this  size  art*  in  use  on  sugar 
estates  in  Trinidad,  Dciuerara,  Mauritius,  Cuba, 
Porto  Rico,  and  Java  ;  and  they  are  capable 
of  producing  12  tons  of  sugar  jkt  day,  or 
about  1  ton  per  hour.  The  same  constructors 
have  made  .sugar-mills  with  rollers  3  feet  in 


diameter,  and  70  to  80  horse-power  engines, 
working  to  200  bone-power,  weighing  in  all 
200  tons. 

Messrs.  M'Onie  exhibited  also  a  small  sugar- 
cant  mill,  nominally  of  4 -horse  power,  with 
rollers  10  inches  in  diameter  and  2  feet  long, 


Fir..  213. 


and  gearing  and  con- 
nections for  being 
driven  by  bullocks 
or  mules.  This  sort 
of  mill  is  used  on 
the  smaller  and 
younger  sugar-grow- 
ing colonies,  also  in 
the  hilly  districts  of 
South  America,  and 
in  Egypt,  the  East 
Indies,  and  the  Pa- 
cific Islands,  where 
the  nature  of  the 
country  offers  ob- 
stacles to  the  trans- 
port of  heavy  ma- 
chinery, or  where 
steam  or  water- 
power  is  not  avail- 
able (fig.  242). 

Messrs.  Fawcett, 
Preston,  «fe  Co.,  of 
Liverpool,  exhibited 
a  mtgar-mill  of  an 
old  pattern,  with 
32-inch  rollers  7  feet 
long,  double-gearing 
as  19  to  1,  and  a 
20 -inch  steam  cy- 
linder with  a  4 -feet 


4-no»si-rowi«  Sroti-MiLt  (to  1*  worked  by  o»»u>),  by  McMrt.  W.  A  A.  M'Onie. 

Fig*.  213. 


itroki 


!!! 


akin 


s 


forty  -  five  revolu- 
tions per  minute. 
The  mill   is  made 


o  STKjiu-KsejK*  asp  Si  o  ik- Mill,  by  llfun  FawoHt,  J'n 
(This  mill  is  iliflrrrnt  Imai  what  wh  inhibited.) 


,  A  Co  ,  Livrrpo. ). 
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with  solid  cant  cheeks,  which,  lieing  in  one  piece, 
lire  not  liable  to  breakage,  like  others  pieced 
together.  But  they  are  unhandy  when  a  roller 
breaks,  as  it  cannot  be  taken  out  without  unfix- 
ing the  checks.  This  is  a  great  practical  objec- 
tion ;  but  the  solid  cheek  is  much  the  cheaper 
(figs.  243,  page  261). 

Messrs.  John  C.  Wilson  &  Co.,  London,  ex- 
hibited a  small  jxtrtable  steam  cane-mill,  the 
chief  novelty  in  which  is,  that  the  whole  of 
the  machinery  and  the  l>oilcr  an*  placed  on  one 
base-plate,  an  arrangement  which  is  facilitated 


by  the  smallness  of  the  proportions.  The  rollers 
are  only  18  inches  in  diameter  and  2  feet  long, 
and  can  produce  1  ton  of  sugar  per  day.  The 
boiler  is  of  the  locomotive  type,  with  an  iron 
chimney,  and  is  placed  on  one  end  of  the  base- 
plate ;  the  steam  cylinder  is  placed  horizontally 
alongside  the  boiler,  and  is  connected  directly 
to  the  crank-shaft  at  the  middle  of  the  Ijase- 
platc,  from  which,  by  means  of  l>evil-gear,  the 
power  is  transmitted  to  the  rollers,  which  are 
placed  at  the  other  end  of  the  Iwse-plate.  The 
arrangement  is  simple  and  compact,  and  is 


Figs. 


Portable  Stsim  Ci**-XJn.i.,  t>y  Mmn.  John  C.  Wilion  &  Co.,  London. 


suitable  for  small  sizes  of  mills ;  but  the  sub- 
stitution of  bevil  for  the  ordinary  spur  gear  is 
objectionable  (tigs.  214). 

Messrs.  J.  F.  fail  <fe  Co.,  Paris,  exhibited  a 
sugar-mill  of  the  ordinary  arrangement,  with 
the  exception  of  the  steam-engine,  which  is  hori- 
zontal. The  rollers  are  31  inches  in  diameter 
and  H  feet  long.  The  engine  has  an  18-inch 
cylinder,  with  a  40-iuch  stroke,  and  is  fitted  with 


a  link-motion  for  reversing,  which  is  good.  The 
three  foundations  are  on  different  levels ;  bet 
one  general  level,  for  the  engine,  gearing,  ami 
mill,  as  in  the  English  mills,  is  much  more 
convenient.  This  mill  is  rather  complicated 
in  its  forms  and  details  ;  but  in  its  distinguish- 
ing feature,  the  horizontal  engine,  it  Ls  no  doubt 
more  conveniently  put  together  or  taken  t<> 
pieces  than  the  usual  beam-eugiue. 
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CHAPTER  II. 

8UOAR-RF.FINING  APPARATUS,  ETC*. 

The  concentration  of  the  juice  fruin  the  sugar- 
ran  <•  is  in  many  plnces  effected 
by  means  of  the  vacuum-pan, 
which    was   largely  repre- 
sented at  the  Exhibition. 

Messrs.  George  Forrester 
«fc  Co.,  Liverpool,  exhibited 
i\n  ordinary  "  tripfe  -  effet " 
vucuutn-pan  ajypanUui,  con- 
sisting of  three  cylindrical 
jvans  ranged  side  by  side, 
with  hemispherical  domes 
and  truncated  spherical  bot- 
toms. The  desiccated  and 
filtered  cane-juice  is  received 
into  tin-  central  pan,  which 
contains  a  numl>er  of  copper 
tubes  surrounded  by  steam, 
mid  is  there  evaporated  till 
it  acquires  a  density  of  from 
1.5°  to  l8°Beaum6;  theme 
it  is  discharged  into  the 
second  pan,  also  fitted  with 
upright  tubes,  and  further 
evaporated  by  means  of  the 
vapour  formed  by  the  evap- 
oration of  the  juice  in  the 
till  it  reaches  a 
of  28°  Beaume. 
Thence  the  concentrated 
juice  is  passed  through 
filters  containing  animal 
charcoal,  and  is  received 
into  the  third  vacuum  or 
strike-pan,  fitted  with  coiled 
j  dpes,  where  it  is  finished 
to  the  proper  degree  of 
granulation  by  the  heat  of 
the  vapour  from  the  second 
pan.  These  pans  are  said 
to  Ik"  capable  of  delivering 
G  tons  of  sugar  per  day  (tig. 
245). 

The  "  triple  effet, "  or  triple 
prOCMS,  of  refining  is  an  in- 
genious conception,  and  was 
brought  out  by  a  French 
engineer,  M.  Raillieu,  at 
New  Orleans.  In  England, 
the  "  triple  effet"  is  being 
gradually  superseded  by  the 
single  vacuum-pan. 

Messrs.  Forrester  exhi- 
bited a  vacuum-engine  for 
exhausting  the  vacuum-pans 
(fig.  245). 

Messrs.  Peel,  Williams,  & 
Peel,  Manchester,  exhibited, 
— L  A  Vacuum  Bngme  of 
1G -horse  power,  with  a 
1 3-inch  cylinder, and  30-inch 


stroke.  It  is  made  with  a  beam  and  six-column 
frame,  and  non-condensing.  This  style  of  engine 
is  in  common  use  in  countries  where  sugar  is 
manufactured  from  liectroot,  and  is  employed  in 


first  pan, 
density 


by  Google 


2<H 


MACHINES  FOE  WOEKING  IN  SUGAR  AND  OIL. 


creating  and  uuiintaining  a  vacuum  in  the  sugar- 
boiling  puns.  There  are  two  single-uctingvacuuni- 
purups,  18  inches  in  diameter,  and  18  inches 


stroke,  worked  from  tlie  beam  ;  and  a  cold-water 
pump  for  the  uses  of  the  factory  (fig.  246).  2.  A 
set  of  Steam  Hydraulic  Pumps  and  a  Hydraulic 
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Frets  for  extracting  by  pressure  the  saccharine 
matter  from  beetroot,  which  is  collected  in  a 
groove  nuining  round  the  table  of  the  press. 
The  table  is  2  feet  4  inches  square,  with  a 
1 2-inch  ram,  having  20  inches  rise,  capable 
of  communicating  a  pressure  of  340  tons. 
There  are  eight  pumps  to  work  the  press, 
four  of  which  are  1 $  inch  in  diameter, 
and  the  other  four  1  inch  in  diameter, 
with  a  working  stroke  of  3  inches.  An 
important  contrivance  is  fitted  to  the 
pumps,  consisting  of  a  self-acting  and 
self-adjusting   relieving   apparatus,  by 
means  of  which  the  larger  pumps  are 
thrown  out  of  action  when  a  certain 
pressure,  variable  at  pleasure,  is  attained, 
and  the  final  squeeze  is  given  by  the 
smaller  pumps.    The  pumps  are  ranged 
in  a  cistern  about  8  feet  long,  aud 
worked  by  excentrics  from  a  longitu- 
dinal shaft  overhead,  driven  by  a  pair  of 
vertical  steam-engines,  one  at  each  end 
of  the  shaft,  having  8-inch  cylinders,  with 
14 -inch  stroke,  and  making  80  revo- 
lutions j>er  minute.    The  cylinders  are 
bolted  to  the  cistern,  and  the  whole 
apparatus  Stands  together  upon  a  simple 
foundation  (figs.  247,  248).  3.  A  Stop  or 
fat-off  Equilibrium  Valve,  a  convenient  adjunct  to 
the  press.     Being  balanced,  it  is  easy  in  motion, 
and  may  be  placed  conveniently  near  to  the  press, 
whilst  the  pumps  may  l»e  placed  anywhere  else 
(fig.  249). 

Messrs.  Fawcett,  Freston,  «fe  Co.,  Liverpool, 
exhibited  Aspinail'a  open  evaporating  pan,  which 
contains  within  it  a  steam -chest  fitted  with 
vertical  tul>es,  immersed  in  tho  syrup  which 
freely  circulates  through  the  tubes.  The  pan 
is  used  with  the  ordinary  train  of  open  pans, 
for  completing  the  boiling  of  the  syrup,  without 
the  use  of  vacuum-pans.    It  works  to  the  best 
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it.  But  there  is  an  objection  to  this  piui,  that 
the  heat  is  applied  above  a  quiescent  tedy  of 
syrup  in  the  bottom  of  the  pau,  which  is  about 
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8  inches  deep,  and  can  only  reach  it  indirectly, 
unless  it  I*  stirred,  which  is  not  easily  done 
(fig.  250). 

Messrs.  D.  Cook  ii  Co.,  Glasgow,  exhibited  the 
"  Bonr  pan,"  named  after  the  inventor,  —  an 
open  evaporating  pan,  for  finishing  the  syrup 
from  the  open  train,  instead  of  vacuum-pans. 
It  has  been  for  some  time  in  operation  in  the 
colonies.  It  consists  of  ten  hollow  discs  of 
copper  3  feet  in  diameter,  on  an  axis  through 
which  tho  steam  for  drying  the  syrup  passes 
freely  into  communication  with  all  the  discs. 
A  number  Of  small  buckets  are  attached  on  the 
circumference  of  the  discs,  to  lift  and  spread  the 
liquor  on  tho  exjKwcd  surfaces  of  the  discs  as 
they  revolve,  and  thus  accelerate  the  evapora- 
tion. By  means  of  curved  pipes  inside,  tho 
condensed  steam  is  elevated  and  discharged 
through  the  central  pipe.  With  the  aid  of  tho 
Boor- pan,  the  numter  of  |muis  in  the  battery 
may  be  reduced,  in  some  cases,  to  three  in  mi  ni- 
ter, the  finishing  being  effected  by  the  Bour- 
pan.  The  liquor  is  delivered  to  it  at  2u° 
Benumb,  and  may  te  concentrated,  without  the 
risk  of  carbonizing  or  browning,  at  ii  teuqwra- 
ture  in  the  Hour-pan  not  exceeding  170°  Fahren- 
heit ;  whereas,  in  the  open  pan,  the  finishing 
must  be  done  at  the  boiling-point  of  the  liquor, 
which  is  about  23."i°,  producing  the  ordinary 
Muscovado  sugar.  The  Bour-pan  makes  from 
advantage  when  supplied  with  liquor  from  the  [  ten  to  twenty  revolutions  per  minute ;  and  when 
open  train  at  from  2'J°  to  30°  Beaume.  It  is  i  steam  is  plentiful,  good  sugar  can  te  made  at 
repotted  to  te  capable  of  delivering,  in  less  time,  |  the  quicker  speed,  and  more  rapidly.  It  is 
twice  the  quantity  of  sugar  usually  delivered  from  i  reported  from  Penang,  that  one  of  these  pans 
the  common  train,  when  used  in  conjunction  with  |  has  cooked  1 2  cwt.  of  sugar  per  hour,  or  C  tons 
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a  day,  from  20°  Beaum<5.  Ordinary  exhaust 
steam  is  employed  ;  and  the  pans  are  made  with 
riveted  joints  to  withstand  a  maximum  pres- 
sure of  8  lb.  per  inch.  The  Bour-pan  apjHjars 
to  he  the  most  efficient  substitute  for  the  costly 
vacuum-pan. 

Messrs.  Manlove,  Alliott,  &,  Co.,  Nottingham, 
exhibited  a  jMiir  of  centrifugal  drying  machine* 
for  sugar,  40  inches  in  diameter,  and  capable  of 
delivering  5  tons  of  sugar  ]ier  day.  They  work 
at  from  800  to  1,200  revolutions  per  minute. 
The  specific  duty  of  the  machine  is  to  separate 
the  molasses  from  the  crystals  of  sugar,  the 
operation  occupying  from  two  to  ten  minutes. 
The  revolving  cylinder  is  constructed  of  sheet 
copper,  with  perforations  less  than  -l1n  inch  in 
diameter.  The  machines  are  driven  by  a  pair 
of  horizontal  steam-engines,  having  the  cylinders 
placed  end  to  end  on  one  ba.se  ;  and  the  driving- 
gear  l»eing  placed  entirely  below  the  machine, 
the  space  above  is  left  free  for  operation. 
Clothes-drying  machines  on  the  same  principle 
were  exhibited  by  the  same  firm. 

Messrs.  David  Napier  «fc  Son,  London,  ex- 
hibited a  novel  centrifugal  drying  macJiine  for  ; 
sugar,  Continuously  self-feeding  and  discharging. 
It  is  very  ingenious  and  very  delicately  contrived,  , 
but  there  are  130  valves  in  the  circumference  j 
of  the  machine,  for  the  discharge  of  the  sugar, 
to  1m?  kept  in  order. 

Foreign  Machinery. — Messrs.  J.  F.  Call  it  Co., 
Paris,  exhibit**!  a  system  of  mcunm-jxin  apjxt-  ' 
ratun,  of  "triple  eflet,"  with  air-pumps;  also 
four  excellently-made  copper  coils.  2.  A  Cen- 
trifugal  Machine,  30  inches  in  diameter,  driven 
from  above,  and  coupled  by  means  of  bevil 
friction-cones,  on  the  upright  spindle.  One  of 
the  cones  is  coated  with  leather,  for  the  sake  of 
adhesion  ;  it  is  easily  slid  out  of  gear,  and  a 
brake  is  applied  to  stop  the  revolving-jMin.  The 
€>pen  gearing  in  this  pin  is  objectionable,  as  it 
stands  in  the  way  of  operations, 

M.  Legal,  Nantes,  exhibited  a  model  of  a 
vacuum-pan,  in  which  a  new  and  good  form  of 
save-all  is  employed.  The  vapour  enters  through 
the  side  of  the  save-all — a  long,  upright,  cylin- 
drical vessel, — and  the  exhaust  pipe  going  to  the 
vacuum-pump,  leaves  the  save-all  at  its  upper 
end,  and  not,  as  is  usual,  at  the  side  directly  op-  | 
jiositc  the  delivery  from  the  pan.  Thus,  any 
liability  of  tho  vapour  to  pass  over  prematurely 
to  the  exhaust-pijH'  is  avoided. 

MM.  Cail,  Hulot,  «fc  Co.,  Brussels,  exhibited 
a  set  of  vacuum-jMin  apjmmtm,  with  a  horizontal 
air-pump  and  cylinder  on  one  base,  connected 
by  one  piston-rod  ;  also  a  centrifugal  macJiine. 

M.  Heckmann,  Berlin,  exhibited  a  most  ela- 
l>orate  vacunm-pati,  of  good  workmanship,  with 
four  coils,  baring  four  inlets  and  four  outlets, 
with  try-cocks  on  the  latter  to  test  the  supply 
of  steam. 

M.  Kronig,  Vienna  exhibited  sugar-moidtls  of 
papier-7ndcte,  which  are  free  from  the  objections 


to  sheet- iron  moulds,  which  corrode  by  rusting, 
and  frequently  stain  the  loaves,  and  sometimes 
resist  the  removal  of  the  loaves  entire.  Papier- 
mache  moulds  are  exjiected  by  the  exhibitor  to 
last  in  good  condition  for  twenty  years. 


CHAPTER  III. 

OIL-KILL  MACHINERY. 

The  means  adopted  for  extracting  oil,  in  the 
last  century,  by  the  natives  of  Ceylon,  where 
cocoa-nuts  and  other  seeds  abound,  were  of  the 
most  primitive  description.  The  apparatus  con- 
sisted simply  of  a  few  poles  stuck  in  the  ground, 
supporting  two  parallel  horizontal  liars,  lnitween 
which  a  bag  was  placed,  containing  the  Bead  or 
pulp  of  the  cocoa-nut  from  which  the  oil  was  to 
be  expressed.  A  lever  was  then  brought  to 
bear  against  one  or  both  of  the  horizontal  bars, 
for  the  purpose  of  bringing  them  together,  and 
thereby  causing  tho  required  pressure  upon  the 
seed.  Tho  pestle  and  mortar  was  also  used  for 
the  same  purpose.  The  more  approved  and 
modern  presses  are  three  in  number,  —  the 
Dutch  or  stamjier  press,  which  was  invented  in 
Holland  ;  and  the  screw  press,  and  the  hydraulic 
press,  both  invents  in  England. 

The  treatment  of  seed  for  the  extraction  of 
oil  consists  of  five  operations.  The  seed  is  first 
passed  through  a  flat  screen  or  sliaker,  which  is 
kept  in  a  constant  state  of  agitation  ;  secondly, 
it  is  passed  through  a  pah'  of  bruising  or  crush- 
ing rollers,  and  then  ground  under  a  i>air  of 
edge  stones,  after  which  it  is  heated  in  the  heat- 
ing kettle.  From  the  kettle  the  seed  Ls  filled 
into  canvas  bags;  these  bags  are  placed  sepa- 
rately between  what  are  called  the  hairs,  which 
are  bags  made  of  horsehair,  with  an  external 
covering  of  leather.  The  final  operation  of 
expressing  the  oil  is  done  in  the  press  by  either 
of  the  three  modes  alrejuly  mentioned.  But  the 
hydraulic  press  is  the  most  approved  api»aratus 
for  the  purpose. 

Messrs.  Martin  Samuelson  tfc  Co.,  Hull,  ex- 
hibited an  oil-mill  at  work,  in  the  manufacture 
of  linseed  oil.  The  whole  of  the  machinery 
was  driven  from  one  maiu  shaft,  turned  by  a 
vertical  steam-engine  at  one  end.  The  prelimi- 
nary process  of  shaking  was  dis]>enscd  with,  and 
the  raw  linseed,  from  St.  Petersburg,  weighing 
52  lb.  per  bushel,  was  in  the  first  place  |>a.ssed 
through  a  pair  of  metal  rollers  22  inches  in  dia- 
meter and  18  inches  long,  which  are  capable  of 
rolling  or  crushing  flat  three  quarters  of  seed 
]>er  hour.  For  grinding,  two  stones  are  em- 
ployed, of  Derbyshire  greystone,  7^  feet  in  dia- 
meter and  1G  inches  thick,  bevilled  off  at  the 
edges  to  12  inches  broad,  and  weighing  5  tons 
each ;  they  run  on  a  stone  bed,  with  an  iron 
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rim  or  trough,  which  revolves  and  turns  the 
stones  on  their  axes,  and  round  the  vertical  axis 
of  the  trough. 

In  the  next  or  heating  process,  the  kettles 
into  which  the  seed  is  placed  are  constructed 
with  steam-jackets  or  casings,  from  which  they 
and  their  contents  arc  heated  to  90°,  the  seed 
lieing  stirred  by  blades  revolving  on  vertical  axles. 


The  l«igs  into  which  tho  seed  is  measured  froni 
the  kettles,  hold  10  lb.  of  seed  each,  the  horsehair 
wrapper!  in  which  they  ait;  deposited  being  2^ 
feet  long.  They  are  next  placed  in  tiers  of  four 
bagB  each,  in  four  hydraulic  presses,  making  in  all 
sixteen  bags.  The  presses,  which  are  known  as 
Blundell's  double  hydraulic  presses,  are  worked 
in  separate  pairs,  with   two  distinct  double 
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Oil-Mill,  by  Mcura.  Martin  Samuclson  &  Co.,  Hull. 


pumps  to  work  them.  The  press-rams  or  cylin- 
ders are  12  inches  in  diameter,  with  a  lift  of 
15  inches.  The  stroke  of  each  double  pump  is 
5  inches,  and  they  make  thirty-six  strokes  per 
minute.  The  larger  and  smaller  plungers  are 
respectively  2|  inches  and  1  iuch  in  diameter ; 


they  are  weighted  respectively  to  740  lb.  and 
5,540  lb.  per  square  inch,  and  are  both  connected 
to  each  press  cylinder  by  means  of  tubing.  Tho 
first  12  inches  of  lift  are  quickly  performed 
while  all  the  pumps  are  in  action ;  till,  when  the 
pressure  amounts  to  a  total  of  about  40  tons 
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on  each  press,  the  larger  pump-  c«iw  to  o|>emte, 
ami  the  remaining  3  inched  or  lift  are  i»crf<>rracd 
by  the  smaller  pumjiti,  which  finally  exert  a 
pressure  amounting  to  300  tons  on  the  cylinder. 
This  extreme  pressure  is  allowed  to  remain  in 
force  for  about  seven  minutes  from  the  time  the 
smaller  pumps  are  put  in  action.  The  oil  pOBOCt 
away  by  channels  into  the  "  8|>ell  tank,"  which 
is  just  large  enough  to  hold  the  produce  of  one 
day's  o|K-ratiohs.     The  oil  is  pumped  from  the 


sjtell  tank  into  larger  tanks,  capable  of  holding 
from  2.)  to  100  tons  of  oil,  where  it  ivmains  for 
some  time  to  settle. 

The  oil-mill  exhibited  is  capable  of  crushing 
about  .12  quarters  of  linseed  per  day  of  twelve 
hours.  It  produces  from  that  seed  from  4$  to 
">  tons  of  oil  cake,  and  about  2  tons  of  oil.  The 
total  weight  of  the  machinery  Is  from  50  to 
CO  tons  (tigs.  251,  page  267). 
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CHAPTER  I. 


FJ.OCR  MACHINERY, 


Several  portable  grinding  mill-,  for  corn  were 
exhibited  in  the  Agricultural  Department  in 
tho     Eastern  Annex, 
adapted  for  the  simple 
operations  of  grinding. 

Messrs.  Whitmore 
Sons,  Wickham  Market, 
exhibited,  in  theWestern 
Annex,  a  novel  and  com- 
pact arrangement  of 
steam- engine,  and  two 
pairs  of  stones  for  grind- 
ing, with  independent 
iron  hunt  and  fittings. 
The  novelty  consists  in 
the  means  for  driving  the 
stones  direct  by  belts 
from  pulleys  on  the  up- 
right shaft  of  a  horizon- 
tal steam-engine,  instead 
of  by  gearing  from  n 
main  shaft.  Though 
silent  nnd  steady  at  work, 
this  motion  must  throw 
a  considerable  lateral 
strain  on  the  l>eainngs. 
The  meal  is  discharged 
equally  around  the  entire 
peripheries  of  the  stones 
into  metal  or  wood  reser- 
voirs within  iron  cylin- 
ders, in  which  the  bed- 
stones arc  sup|>orted  and 
readily  adjusted.  The 
stones  are  of  French 
burr,  48  inches  in  dia- 
meter, and  they  are  cap- 
able of  grinding  from 
ten  to  twelve  bushels  of 
coin  per  hour.  Tighten- 


ing pulleys  are  provided  for  biking  up  the  slack 
of  the  driving  bands.  The  free  discharge  of  the 
meal  rotuul  the  stones  prevents  its  K-ing  heated 
by  them.  The  stones  arc  balanced  on  Clarke  A 
Dunham's  By  stem,  by  which  the  balance  Is 
preserved  whether  at  rest  or  in  motion.  The 
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engine  is  of  ten-horse  power,  with  si  horizontal 

cylinder  ;  Ike  fly-wheel  is  neatly  eneused  within 

the  base  of  the  engine ,  the  ch  iving  .•shaft  is  of 
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wrought-iron,  steeled  at  the  lower  end,  and  re- 
volving in  a  steel  step.  The  piston-rod  is  coin- 
juii-tly  connected  to  the  crank  on  the  "steeple" 
plan,  nj)on  the  cast-iron  bate  enclosing  the  fly- 
wheel (tigs.  252,  253). 

Mr.  Thomas  Neal,  London,  exhibited  ■ 
grinding  miff,  of  which  the  novelty  consists  in 
tlriving  the  lied  or  lower  stone, — not  the  tipper 
one  as  is  usually  done, — the  upjier  stone  being 
fixed  in  the  frame.  A  pair  of  small  stones, 
18  inches  diameter,  will  grind  three  bushels  per 
hour.  For  small  sizes  this  system  is  likely  to 
prove  advantageous  in  grinding  a  greater 
quantity  of  com  with  the  same  expenditure  of 
power. 

M.  Buisson, Tullins (I sere), exhibited  a  similar 
mill,  in  which  the  under  stone  Is  made  the  runner. 
By  a  forced  current  of  air,  introduced  at  the 


centre,  the  Hour  is  exjielled  from  the  stones  as 
soon  as  it  is  produced,  iind  thus  a  greater 
quantity  and  better  quality,  according  to  the 
experiments  of  the  exhibitor, 
are  obtained  with  the  same 
motive-power  :  the  flour  is  re- 
moved without  being  heated  by 
needless  friction,  and  power  is 
saved. 

Messrs.  Bryan  Corcoran  &  Co., 
London,  exhibited,  besides  ordi- 
nal-}' flour  macliincry,  a  French 
burr  atone  5  feet  inches  in 
diameter,  in  one  piece.  As  a 
curiosity,  the  stone  was  un- 
equalled, but  it  is  of  question- 
able utility,  as  so  large  a  piece 
may  contain  jiarts  of  various 
degrees  of  hardness.  The  usual 
method  of  forming  grindstones 
is  to  assort  the  pieces  of  equal 
degree!  of  hardness,  and  join 
them  together. 

Mr.  John  Hill,  Ashford,  ex- 
hibited a  Jlunr-dre«sing  machine 
with  a  revolving  cylinder,  which 
is  turned  by  a  worm  and  screw 
motion  at  the  lower  end,  in- 
stead of  the  longitudinal  bars 
usually  placed  across  the  rilw. 
The  cylinder  is  cleaned  by  an 
exterior  brush,  which  extends 
the  whole  length  of  the  cylin- 
der, and  is  worked  so  as  to 
give  a  rubbing  motion  like 
that  of  the  hand.  Stirrers  are 
attached  to  the  feed-mil  to  pre- 
vent the  meal  about  to  be  dressed 
from  clogging  alxivc  the  roll. 
This  machine  dresses  about  fif- 
teen sacks  of  flour  j>er  hour, 
as  against  six  sacks  per  hour, 
which  is  the  usual  performance 
with  the  old  stationary  cylinder. 

M.  Mauzaize,  Chartres,  ex- 
hibited a  friction  coupling  for 
mitt-atone  spindles,  by  friction-cones,  to  engage 
or  disengage  "instantaneously  without  shock." 


CHAPTER  II. 

BKKAD-MAKlXd  MACHINERY. 

To  convert  the  dressed  flour  into  bread,  it 
requires  to  lie  mixed  with  water,  salt,  and  car- 
bonic acid,  forming  a  homogeneous  mass,  which 
is  baked  in  the  oven,  where  it  swi  lls  by 
fermentation  and  acquires  that  uniform  spongy 
porosity  which  Ls  important  for  easy  digestion. 
The  process  of  making  bread  has  heretofore 
been  done  by  hand  laWir,  the  disadvantages 
of  which  are   sufficiently    well  known.  The 
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fermentation  is  caused,  in  the  ordinary  pro-  j 
cess,  by  y«wt  or  leaven,  which  being  inti-  ) 
mutely  mixed  with  the  flour  is  brought  into 
contact  with  every  jwirticle  of  starch,  and  ln-ing 
submitted  to  a  convenient  temperature  produces 
minute  bubbles  of  carbonic  acid,  making  the 
mass  sj>ongy  and  light.    If  the  leaven  be  not 
thoroughly  incorporated,  the  bubbles,  not  being  ; 
surrounded  by  a  coat  of  gluten,  collect  together 
and  form  large  ones,  to  the  detriment  of  the  t 
dough.    The  mixing  of  the  yeast  is  executed  by 
two  stages  :  first,  only  a  jwrtion  of  the  Hour  is 
employed  to  make  the  "s|M>nge,"  and  there  is  no  I 
great  difficulty  in  it,  because  the  mass  is  then 
rather  soft.    The  mixing  of  the  sponge  with  the 
remaining  flour,  the  kneading  process,  is  a  much 
more    difficult    operation,    the    carbonic  acid 
being  produced  by  the  decomposition  of  a  certain 
quantity  of  the  starch  contained  in  the  flour. 
Hut  the  new  system  of  bread-making  on  Dr.  j 
Dauglish's  system  does  away  with  all  chemical  | 
changes  in  the  flour  ;  and,  the  necessary  supply 
of  carbonic   acid   gas   having   la-en  obtained 
independently  of  the  flour,  the  gas  and  the 
flour  are  mixed  by  mechanical  means,  insuring 
a  constant  supply  of  elastic  dough  and  a  light 
s|s>ngy  bread.      Thus  the  waste  of  flour  is 
prevented,  immediate  manual  labour  superseded, 
and  the  time  required  to  convert  flour  into 
baked  bread  is  reduced  from  at  least  ten  to 
two  hours. 

Messrs.  Barrett,  Exall,  «k  Andrewes,  Reading, 
exhibited,  in  the  Agricultural  Dejmrtinent,  the 
airateil  bread  macJtinery  of  Dr.  Dauglish.  Inge- 
niously availing  himself  of  the  capacity  of 
water  for  alisorbing  great  quantities  of  carbonic 
acid,  Dr.  Dauglish  preserves  the  flour  in  its 
natural  state,  and  supplies  carbonic  acid  other- 
wise than  by  fermentation  at  a  very  cheap  rate. 
This  gas,  easily  obtained  perfectly  pan,  is  forced 
into  the  water,  winch  is  placed  in  a  strong 
vessel,  at  a  pressure  of  ten  atmospheres,  and  is 
retained  by  this  water  so  long  as  it  remains 
under  the  same  pn-ssure.  The  flour  and  salt 
arc  placed  also  in  a  close  vessel  capable  of 
l>earing  the  same  pressure,  within  which  is  fitted 
a  kneading  apparatus  worked  from  without. 
The  water  is  made  to  pass,  under  pressure,  from 
the  first  into  the  second  vessel.  The  kneading 
apparatus  is  set  to  work  at  the  same  time,  and 
thus  in  half  an  hour  the  elements  are  intimately 
mixed  liefore  imparting  to  the  nuiss  any  vesicular 
property,  as  every  atom  of  water  holds  its  own 
quantity  of  gas.  "When  the  kneading  is  com- 
pleted, a  valve  is  ojwnetl  in  the  bottom  of  the 
vessel  through  which  the  dough  is  forced  by  the 
internal  pressure.  The  gas  being  thus  released 
from  the  pressure,  is  extricated  in  bubbles  from 
each  particle  of  water,  and  makes  the  dough 
thoroughly  spongy  and  ready  to  be  drawn  and 
shaped  into  loaves,  and  to  be  baked  imme- 
diately. 

The  supply  of  carbonic  acid  gas  is  obtained 
chemically  from  sulphuric  acid  and  chalk  (car- 


lsmate  of  lime),  by  means  similar  to  those 
employed  by  the  manufacturers  of  aerated 
waters.  The  sulphuric  acid  is  contained  in  a 
leaden  vessel  fitted  with  a  plunger,  worked  by  a 
screw  driven  by  the  engine,  and  is  supplied  at  a 
fixed  rate  to  the  generator,  where  it  meets  with 
the  chalk  and  is  well  mixed  with  it  by  means  of 
an  agitator.  The  carbonic  acid  thus  generated 
is  delivered  into  a  reservoir  of  sheet  brass, 
Suspended  in  a  large  vat  of  water,  like  an 
ordinary  gas-holder,  from  which  it  is  conveyed 
by  pipes  to  the  mixer.  The  whole  of  the  mix- 
ing machinery — comprising  the  steam-cylinder, 
the  mixer,  the  gas  ami  the  vacuum  pumps,  and 
their  respective  crank  and  other  connections — is 
supported  on  two  cast-iron  side-frames.  The 
mixer  is  of  cast-iron,  and  of  an  elliptical  form  ; 
it  is  traversed  by  a  horizontal  revolving  spindle, 
which  carries  the  knives  and  scrapers,  and  is 
driven  by  toothed  gearing  on  the  outside.  The 
flour  and  salt  are  admitted  through  an  opening 
in  the  top,  which  is  closed  by  a  door  with 
leather  packing.  Two  small  cocks  are  applied 
at  the  bottom  of  the  mixer  to  draw  off  the 
saturated  dough.  The  condenser,  made  of 
copper,  is  suspended  above  the  mixer,  and 
carries  a  gauge  glass  to  indicate  the  level  of  the 
water  within  it  The  vacuum-pump  is  a  trunk 
pump,  of  cast-iron,  with  a  cast-iron  plunger, 
] nicked  with  leather  and  a  brass  ring ;  it  has  n 
brass  inlet-valve  communicating  by  a  pijs?  with 
the  mixer,  ami  an  outlet  valve  with  a  two-way 
OOck,  to  discharge  into  the  atmosphere  or — if 
it  Is;  drawing  su]>erfluous  fixed  air  from  the 
mixer — into  the  reservoir.  The  airlsinic  acid 
pomps  consist  of  two  connected  barrels  of  cast- 
iron,  lined  with  brass,  and  fitted  with  brass 
plungers ;  they  draw  gas  from  the  reservoir, 
and  force  it  into  the  mixer. 

The  process  of  manufacture  is  descrilied 
by  the  exhibitors  as  follows:  —  The  various 
cocks  communicating  between  the  mixer,  the 
pumps,  and  the  condenser,  are  rightly  ad- 
justed, as  well  as  the  dough-nozzles  at  the 
bottom  of  the  mixer.  The  door  at  the  top 
being  o]>cncd,  the  flour  and  salt  arc  shot  in,  the 
leather  packing  round  the  hole  swept  clean,  and 
the  door  screwed  hard  down,  so  that  the  joint  is 
air-tight.  Meanwhile,  from  a  cistern  above, 
water  has  been  flowing  into  the  condenser, 
ls-ing,  however,  prevented  from  continuing  its 
way  into  the  mixer  by  the  stop-cock.  When 
sufficient  water  is  in  the  condenser,  as  indicated 
by  the  gauge-glass,  the  supply  is  shut  off,  and 
the  cocks  communicating  from  the  vacuum- 
pump  to  the  condenser  and  mixer  are  opened. 
The  pump  is  then  worked  untU  a  vacuum  of 
about  13  lb.  per  square  inch  is  obtained,  when 
it  is  stopped  and  its  communicating  cocks  shut, 
and  those  of  the  carbonic-acid  pumps  oj>ened. 
These  are  then  worked,  drawing  the  fixed  air 
from  a  reservoir,  and  forcing  it  through  the 
water  in  the  condenser  into  the  mixer,  until  a 
pressure  of  DO  lb.  on  the  square  inch  is  obtained, 
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when  they  are  stopped.  The  water  in  the  con- 
denser, which  now  is,  in  fact,  first-class  soda- 
water,  is  permitted  to  flow  into  the  mixer  iqion 
the  flour  and  salt  already  there,  and  the  mixing 
knives  then  commence  operations ;  these,  which 
are  SO  arranged  as  to  completely  mix  every  par- 
ticle of  flour  and  water  in  the  mixer,  arc  driven 
for  ten  minutes.  At  the  end  of  that  time  the 
dough  is  ready  to  be  drawn  off.  This  is  accom- 
plished by  merely  opening  one  of  the  dough- 
nozzles,  as  the  high  pressure  within  imme- 
diately forces  the  dough  through  the  oj>en 
aperture.  A  workman  with  a  small  box  of  the 
right  size  in  the  one  hand,  and  a  knife  in  the 
other,  stands  ready  to  receive  the  dough  as  it 
issues  from  the  nozzle.  When  his  eye  tells  him 
sufficient  is  in  the  box,  he  slips  off  the  dough  close 
to  the  nozzle  with  the  knife,  and  passes  the  lx>x 
to  a  man  at  the  weighing  machine,  who  stands 
beside  him  ;  he,  with  a  knife  and  fork,  adds  to 
or  subtracts  from  the  amount  in  the  l>ox,  as  the 
scales  indicate  to  be  necessary.  The  box  is  then 
placed  on  a  tray  with  others,  and  earned  to  the 
oven-door.  Here  stands  the  baker,  who,  taking 
the  boxes  one  by  one,  turns  the  contents  out  upon 
his  peel,  and  deposits  them  in  the  oven.  When 
baked,  the  loaves  are  drawn  forth  and  carried 
where  necessary,  l>eing  then,  for  the  first  time 
during  the  whole  process,  touched  by  the  hands. 
The  average  time  occupied  by  the  process,  be- 
tween the  shooting  of  the  flour  into  the  mixer 
and  the  drawing  of  the  loaves  from  the  oven,  is 
nbnit  two  hours,  and  the  numl>cr  of  loaves 
mads  by  an  ordinary-sized  mixer,  alnnit  2'2-i 
quarterns.  When  the  dough  is  all  drawn,  the 
attracting  cock  is  shut,  and  the  remaining 
fixed  air  in  the  mixer,  which  has  now  become 
reduced  in  pressure  to  about  GO  lb.  per  square 
inch,  is  drawn  off  by  the  vacuum-pump  and 
discharged  into  the  reservoir.  The  apparatus  is 
now  ready  for  the  manufacture  of  another  batch. 

The  prime  importance  of  the  effective  intro- 
duction of  machinery  for  the  manufacture  of 
bread  must  be  acknowledged  by  all ;  and  the 
world  is  indebted  to  Dr.  Dauglish  for  the  perse- 
verance and  ingenuity  of  resource  he  has  displayed 
in  following  up  the  manufacture  to  a  successful 
issue.  In  large  bakeries  the  process  will  prove  a 
most  valuable  one  for  promoting  economy  and 
rapidity  of  production  in  combination  with  a  good 
and  wholesome  quality.  There  is  one  point  not 
yet  considered,  in  which  Dr.  Dauglish 's  system 
is  the  only  one  capable  of  effecting  an  important 
improvement,  M.  Mourig  proj>osed,  some  years 
ago,  to  utilize  a  nutritious  suljstance  commonly 
thrown  away  with  the  bran — a  nitrogenous 
body  analogous  to  gluten — which  the  discoverer 
named  cerealine,  with  a  portion  of  another  well- 
known  nitrogenous  body — vegetable  caseine. 
This  substance  has  a  powerful  solvent  action, 
promotes  the  easy  and  healthy  digestion  of 
gluten  and  starch,  is  the  solvent  prepared  by 
nature  for  their  assimilation,  and  has  lieen  1 


tissue-forming  elements.  But  there  is  a  draw- 
back in  using  it  in  the  ordinary  manner  ;  it 
altera  the  gluten  during  the  fermentation  of  the 
sponge,  and  gives  to  the  altered  matter  a  brown 
colour.  But  by  Dr.  Dauglish 's  process,  as  fer- 
mentation docs  not  take  place  at  all,  bread 
made  from  flour  mixed  with  cerealine  is  epiite 
free  from  the  brown  tint. 


long 

known  to  be  exceedingly  rich  in  plastic  and 


CHAPTER  III. 

KNEADING  MACHINES. 

In  small  bakeries,  where  Dr.  Dauglish \s  baking 
machinery  would  be  too  costly,  machines  may  l>e 
economically  and  advantageouslv  substituted  for 
manual  labour  in  the  process  of  kneading,  whilst 
the  ordinary  process  could  be  followed  in  making 
the  sjKmge  to  l>e  fermented  by  the  yeast  Dough 
kneaded  by  machine  is  turned  out  perfectly 
clean,  and  is  more  intimately  mixed  than 
when  done  by  hand  labour.  It  is  also  done 
in  less  time,  and  shortens  the  hours  of  labour ; 
and  whilst  the  bread  is  rendered  more  easily 
digestible,  the  inhaling  of  flour-dust  and  carlionic 
acid  from  the  mixture  is  avoided.  In  kneading 
by  machine,  the  manual  labour  is  much  less 
than  in  kneading  by  hands  and  anus,  and  the 
kneading-trough  being  closed,  there  is  no  waste 
of  flour.  In  hand  made  bread,  thousands  of 
small  particles  of  flour  that  liave  never  been 
wetted  at  all  are  discoverable  by  the  aid  of  the 
microscope ;  while  in  the  machine-made  bread, 
every  particle  is  found  to  liave  been  brought 
into  contact  with  the  liquid.  Thus  the  machine 
Causes  the  flour  to  take  up  more  water,  which  is 
no  more  than  what  is  properly  due  to  the 
quality  of  the  flour  ;  and  tho  proof  is  that  the 
loaf  of  machine-made  bread  retains  its  weight 
after  standing  twelve  hours,  just  as  the  hand- 
kneaded  bread  does.  These  economical  advan- 
tages amount  to  a  saving  of  nearly  three  per 
cent,  in  flour  only. 

Mr.  E.  Stevens,  Ijondon,  exhibited  his  douyl^ 
mnkiwj  machines,  worked  with  revolving  blades, 
which  appear  to  liave  been  extensively  employed 
in  Government  as  well  as  in  private  establish- 
ments. Mr.  Stevens  thus  summarises  tho  ad- 
vantages of  machine-mixed  bread  as  conqrared 
with  tliat  kneaded  by  hand : — It  is  purer  and 
more  cleanly  made,  whiter,  lighter,  moistcr,  less 
liable  to  crumble,  less  liable  to  sourness,  keep 
better,  cuts  finer,  eats  better,  is  more  digestible 
and  wholesome,  sooner  baked,  thinner  crusted, 
sweeter  tasted,  and  cheaper  ;  121b.  more  bread 
is  produced  from  each  sack  of  flour.  The 
machine  has  a  double  bottom  for  containing 
water,  which  may  be  poured  in  hot,  or  a  jet  of 
gas  may  be  laid  on  and  lighted  when  required, 
to  regulate  and  force  the  sjionges  or  the  doughs, 
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so  avoiding  the  necessity  of  using  so  much  hot 
water,  which  is  injurious  to  the  bread. 

Messrs.  T.  Jc  T.  Vicars  tfc  Co.,  Liverpool, 
exhibited  a  kneading  machine,  consisting  of  two 
vertical  shafts,  carrying  radial  arms,  which  pass 
each  other  in  opposite  directions,  and  are 
arranged  spirally,  so  that  in  addition  to  a  tearing 
action  on  the  dough  which  the  knives  exert  in  I 
passing  each  other,  they  have  a  screwing  action, 
pressing  the  dough  downwards  on  the  one  side, 
and  carrying  it  up  on  the  other.  The  vessels 
containing  the  dough  are  made  of  wood,  of  an  oval 
Ibrm,  to  correspond  with  the  action  of  the  ma- 
chine. The  mode  of  ojtcration  is  descril>ed  as 
follows  : — The  materials  for  the  sponge — that  is, 
flour,  yeast,  salt,  and  water — are  placed  in  the 
vessel,  which  is  then  placed  under  the  machine  for 
about  live  minutes,  by  winch  time  the  sjtonge  is 
thoroughly  mixed.  The  vessel  Is  then  removed, 
and  after  six  or  eight  hours'  fermentation  of  the 
sjtonge,  it  is  again  brought  under  the  machine, 
and  the  llonr  and  water  requisite  arc  added, 
when  the  machine  in  about  six  or  seven  minutes  I 
works  it  into  dough.  It  then  remains  two  or 
three  hours  to  prove,  by  which  time  the  whole 
mass  is  in  a  state  of  active  fermentation,  and  is 
then  ready  for  the  oven. 

Mr.  H.  Goodall,  Derby,  exhibited  a  small 
domestic   Icncadcr,  worked,  like   his  grinding 
machines,  by  means  of  a  pestle  working  in  a  j 
tin  bowl,  the  action  of  which  has  already  been 
described  at  page  247. 

M.  Lesobre,  Paris,  exhibited  Holland* *  knead- 
imj  machine,  consisting  of  a  semi  -  cylindrical 
trough  and  a  horizontal  shaft  placed  inside, 
with  curved  blades,  alternately  long  and  short, 
forming  two  perpendicular  rows  if  the  dough  to 
be  kneaded  is  soft,  or  disposed  in  two  helical 
rows  if  the  dough  is  of  the  ordinary  toughness. 
The  shaft  is  put  in  motion  by  a  spur-wheel 
gearing  with  a  fly-wheel  and  a  handle.  This  ma- 
chine is  adapted  for  setting  sponge  as  well  as  for 
making  dough.  It  is  stated  that  a  sack  of  flour 
(six  biishels)  is  converted  into  dough  in  a  quarter 
of  an  hour. 

M.  Bolaud,  Paris,  exhibited  a  machine  of 
the  same  kind  as  M.  Lesobre's,  with  profiling 
j»ower  at  both  ends  of  the  shaft 

M.  Drouot,  Paris,  exhibited  a  machine  con- 
sisting of  an  annular  trough,  driven  around  a 
central  column  sup|>orting  the  mechanism  for 
moving  the  trough,  the  helical  blades  working 
horizontally,  and  the  vertical  mixer.  The 
vertical  mixer,  which  is  a  peculiar  feature  of 
the  machine,  moves  at  light  angles  with  the 
blades,  imitating  by  the  cross  action  the  a]>- 
proved  method  of  hand-labour,  in  which  the 
partially-kneaded  dough  Is  cut  in  pieces,  to  l>e 
kneaded  in  another  direction.  Every  portion 
of  the  (lough  is  brought  in  succession  under  the 
action  of  the  blades  and  the  mixer  by  the  cir- 
cular movement  of  the  trough.  The  heat  of  the 
oven  is  economically  employed  to  make  steam 
for  the  engine  by  which  the  machine  is  driven. 


CHAPTER  IV. 

BREAD-BAKING  APPARATUS. 

ML  Drouot,  as  already  stated,  economises  the 
waste  heat  of  the  oven  to  raise  steam  for  working 
the  machine. 

Messrs.  T.  Jc  T.  Vicars,  Liverpool,  exhibited 
a  travelling  or  railway  for  baking  bread, 

on  the  principle  of  the  oven  for  several  years  suc- 
cessfully employed  by  them  in  baking  biscuits,  to 
be  afterwards  described.  But  although  the  ovens 
were  thoroughly  efficient  for  baking  biscuits, 
requiring  at  most  20  or  30  minutes  to  Imkc, 
and  never  exceeding  an  inch  in  thickness,  the 
case  was  altogether  different  when  they  came  to 
deal  with  a  loaf  frequently  nine  or  ten  inches 
thick,  and  requiring  two  hours  or  more  to 
thorougldy  bake  it.  In  baking  biscuits,  the  re- 
tention of  the  steam  given  off  during  the  process 
Is  not  of  consequence  ;  but  in  baking  loaves  of 
any  size,  it  is  absolutely  necessary  to  get  rid  of  it. 
The  oven  for  baking  bread  consists  of  a  tunnel 
or  long  chamber,  provided  with  furnaces  and 
flues  st)  arranged  as  to  produce  the  l»iking 
temperature,  these  furnaces  and  flues  Wing 
under  perfect  control  by  means  of  register 
doors  and  danq>ers.  The  chamber  is  also 
provided  with  fixed  pyrometers,  indicating  the 
teuq>erature  at  all  times.  An  endless  chain 
works  through  the  chamber,  connected  with 
mechanical  arrangements  for  adjusting  its  speed. 
The  loaves  to  be  liaked  are  placed  in  tile-bot- 
tomed waggons.  Each  waggon  is  provided  with 
a  steam-tight  cover,  which  covers  the  bread 
somewhat  after  the  fashion  of  a  dish-cover, 
rendering  it  steam-tight,  and  making  each 
waggon  a  j>erfect  oven  in  itself.  The  chamber 
may  be  made  of  any  desired  length  to  adapt  it 
for  receiving  the  necessary  number  of  waggons  ; 
its  capacity  may  Imj  increased  to  any  reasonable 
amount,  aulapting  it  to  the  requirements  of  a 
trade  however  large.  The  mode  of  working  is 
this  : -  At  one  end  of  the  chamber  the  waggons 
iu-e  being  constantly  filled  with  bread.  They 
then  travel  at  a  regulated  speed  through  the 
chamber  and  by  the  time  they  arrive  at  the 
I  opjx**itc  end  they  are  baked.  The  foreman 
!  regulates  the  tenqterature  of  the  cluuulier  and  the 
!  rate  of  travel,  over  both  of  which  he  has  perfect 
control.  Tlie  empty  waggons  are  returned 
through  an  upper  chamber,  which  Is  kept  of 
pretty  high  temperature  by  the  heat  of  the 
lower  chamber.  Thus  the  process  may  go  on 
without  interruption  the  whole  day. 

M.  Lesobre,  Paris,  exhibited  lloUaiuVs  revol- 
ving oven,  which  is  of  a  circular  form,  with  a 
revolving  floor  like  a  turntable.  It  is  heated 
by  a  distinct  furnace,  from  which  the  hot 
products  of  combustion  circulate  in  iron 
pipes  around  the  enclosure  reserved  to  the 
loaves,  and  within  a  double  metal  ns.f.  The. 
floor  is  turned  by  a  handle,  and  the  loaves  are 
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deposited  successively  on  the  vacant  space  turned 

towards  the  mouth  of  the  oven.    The  heat  is 

uniformly  distributed  without  loss  :  the  bakinir 
•  ■  .  ™ 
U  regular  mid  continuous,  and  there  is  no  contact 

with  ashes. 


CHAPTER  V. 

BISCUIT  MACHINERY. 

Messrs.  Barrett,  Exall,  &Andrewcs  exhibited 
an  excellent  series  of  biscuit  machinery.  A 
revolving  mixer  consists  of  a  move- 
able pan  revolving  horizontally,  iu 
which  a  heavy  grooved  roller  works. 
The  dough  is  kneaded  by  another  ma- 
chine provided  with  rollers  ;  by  moans 
of  other  rollers  the  sheet  of  dough  is 
reduced  to  the  exact  thickness  required 
for  the  biscuits.  By  a  third  machine 
the  edges  of  the  biscuits  are  shajied  and 
trimmed. 

Messrs.  Porter,  Hinde,  ifc  Porter, 
Carlisle,  exhibited  a  nvtc/iine  for  Mik- 
ing bi*<:nits,  to  be  remarked  for  the 
method  of  effectively  separating  the 
biscuits  from  the  scrap,  and  placing 
them  on  the  baking  trays.  For  the 
smaller  sizes  of  biscuit,  3,000  pieces  are 
rolled  and  cut  per  minute.  The  dough 
is  forced  by  hydraulic  pressure  through 
a  drawing  plate,  provided  with  several 
holes  of  the  desired  aha]>c,  and  is  cut 
off  into  suitable  lengths  by  a  knife. 

Messrs  T.  «fc  T.  Vicars,  Liverpool, 
exhibited  their  travelling  oven  for  bis- 
cuit*, already  referred  to.  It  is  32  feet 
long,  and  8  feet  wide,  and  consists  of 
an  endless  chain  of  sheet-iron  ] dates, 
8  feet  wide,  revolving  on  two  iron 
rollers,  situated  one  at  each  end  of  the 
oven.  The  unbaked  material  is  ar- 
ranged on  the  front  plates,  which  take 
from  15  to  20  minutes  to  reach  the 
other  end  of  the  oven,  whence  the  bis- 
cuits which  have  been  baked  during  the 
interval  drop  out  into  baskets  prepared 
for  their  reception.  The  time  which 
may  l>e  deemed  necessary  to  keep  the 
biscuit  inside  the  oven,  is  regulated  by 
means  of  a  crauk  and  ratchet  placed 
outside. 


Also  a  small  biscuit-rolling  machine,  and  a 
suyar-yriiu/ing  mill.  In  working  the  jujube- 
cutting  machine,  a  sheet  of  gum,  15  inches 
wide,  is  fed  in  the  usual  way,  and  is  cut  into 
strips,  of  the  width  of  a  jujube,  by  a  scries  of 
circular  knives,  28  in  number.  The  strips  arc 
again  passed  through  the  rollers,  and  cut  into 
diamond  shapes.  With  the  marmalade  machine, 
three  boys  can  cut  8,000  oranges  by  hand,  or 
12,000  oranges  by  steam-power.  In  the  acid- 
drop  machine,  two  rollers,  geared  together,  have 
their  surfaces  formed  into  dies  or  matrices,  in 
halves,  within  which,  when  a  sheet  of  the  stuff 
is  passed,  the  drops  are  formed.    The  sugar- 


Ma«.uisii  iob  hakim.  Atiu,  >«D  oTiiKK  D«oi>,  l.T  Mr.  I-uke  Collier, 


CHAPTER  VI. 

CONFECTIONERS*  MACHINES. 

Mr.  Luke  Collier,  Rochdale,  exhibited  a 
series  of  confectionera1  macliines,  for  making 
jujubes,  marmalade,  and  acid  and  other  drops. 


JiivuK-Ctmxo  Machijtf,  l>y  Mr.  Luke  Collier. 

grinding  mill  is  arranged  like  a  coffee-mill,  and 
grinds  by  hand  30  lb.  of  loaf  sugar  ]>er  hour, 
suitable  for  lozenges ;  or,  by  steam,  5  cwt.  per 
day  (figs.  254,  255). 

Mr.  H.  Weatherley  also  exhibited  a  number 
of  confectioners'  machines. 
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Mr.  John  Caisson,  Woolwich,  exhibited  rainin 
ami  currant  drawing  machines.  The  fruit  to  lie 
dressed  Ls  placed  in  ai  wire-net  cylinder,  with 
loops  or  catches  fixed  on  the  inside,  by  which, 
when  the  cylinder  revolves,  the  maisses  of  fruit 
are  broken  up,  and  the  steins  arc;  separated. 
The  cylinder  Ls  cleaned  by  a  brush  applied 


longitudinadly  to  it,  on  the  outside.  The  ralsin- 
machinc,  having  a  cylinder  ■«> 


inches  in  diame- 
ter aind  28  inches  long,  is  said  to  be  capable  of 
dressing  and  stripping  56  lb.  of  raisins  in  ton 
minutes  ;  and  a  1  li-inch  cylinder  will  dress  anil 
stiip  20  lb.  of  currants  or  sultanas  in  three 
minutes. 


SECTION  VIII. 
MACHINES  AND  APPARATUS  FOR  WORKING  IN  WATER,  AND  BREWING. 


CHAPTER  I. 

THE  PURIFICATION  OF  WATER. 

Water,  in  it.s  natural  state,  is  never  abso- 
lutely pure,  but  contains  organic  or  inorganic 
matter,  or  both,  in  suspension  or  in  solution,  or 
partly  in  both  conditions.  Organic  matter,  if 
undecomposed,  or,  on  the  contrairy,  thoroughly 
transformed  into  new  productions — in  the  forms 
of  microscopical  plaints  or  animals, — is  generally 
liarndess,  but  when  in  the  transitioned  stage,  of 
putrefaction,  it  is  injurious  to  headtlu  Inorganic 
maittcr*,  with  metallic  l»ases,  are  unwholesome 
or  even  dangerous  to  health  ;  but  those  liased 
on  earths  or  alkadisare  harmless.  Matters  which 
prove  inconvenient  for  some  household  purposes, 
and  for  manufacturing  processes,  are  chiefly  the 
earthy  salts,  which  render  water  hard,  and 
alkalis,  which  affect  colours  ;  organic  maitters 
and  some  metallic  solutions  imiKirt  colour. 

All  these  foreign  matters,  in  solution  or  in 
suspension,  can  l»e  removed  by  artificial  meaus, — 
that  is  to  say,  by  distillation,  by  filtration,  or  by 
precipitation  or  subsidence.  Distillation  removes 
every  foreign  matter  from  the  water,  whether  it 
be  present  in  solution,  or  in  sus|>ension,  or  in 
both  states  ;  filtration  removes  matters  in  sus- 
iiension,  and  some  matters  in  solution ;  whilst 
precipitation  and  subsidence  only  remove  matters 
in  suspension. 


CHAPTER  IL 

WATER  DISTILLING  APPARATUS. 

The  ordinary  plains  for  producing  fresh  water 
from  sadt  water  merely  proceed  on  the  principle 
of  the  common  still,  and  the  distilled  water  pro- 
duced by  them  requires  to  be  aerated  by  agi- 
tation in  the  tanks,  either  by  the  motion  of  the 
ship  whilst  steaming  or  sailing — a  mode  of  aera- 
tion which  requires  a  considerable  time,  —  or 
more  rapidly,  but  also  in  a  more  costly,  fatiguing, 
and  cumbrous  mainner,  by  artificial  meatus.  The 
result  is  an  imperfectly  aicrated  waiter,  vapid 
and  indigestible,  and  susceptible  of  taiiut. 


Messrs.  Normandy  it  Co.,  Ijondon,  exhibited 
their  marine  aerated  fresh-water  apjtara/mt  in 
ojiemtion,  for  obtaining  wholesome  fresh  water 
by  evaporation  from  sea-water.  The  thorough 
aeration  of  the  water  is  the  distinguishing 
feature  of  the  apparatus.  The  water  is  aerate*  1, 
at  the  very  moment  it  is  produced,  with  the 
siqier-oxygenated  air  and  carbonic  acid  naturally 
contained  in  water.  The  water  is  eva|>orated 
by  means  of  steam  from  a  fouler,  jmssed  through 
pipes  immersed  in  the  water.  The  air  extricated 
froin  the  seal-water  rises  with  aind  is  aW>rl>ed  by 
the  vapour  during  its  condensation ;  amd  the 
water  is  freed  from  the  empyreumaitic  odour 
iieculiar  to  waiter  distilled  from  heated  surfaces, 
which  act  on  the  organic  matter  usually  aiksorbed 
by  water,  by  fo-ing  passed  through  a  charcoal 
filter. 

Messrs.  A.  Chaplin  «fc  Co.,  (Jlnsgow,  exhibited 
ai  nhiji's  engine  atul  ap/taratu*  for  winding, 
rooking,  ami  distilling  fresh  KOtCf.  The  distil- 
ling a]  tjiaratus  Is  very  simple 
and  compact,  consisting  of 
ai  condenser,  with  an  inter- 
nal worm-pipe  of  block-tin, 
or  turned  QOpper  •  a  circu- 
hitiug  pump  to  supply  cold 
water,  and  a  filter  contain- 
ing charcoal  and  sand, 
through  which  the  distilled 
water  is  patssed  twice  — 
downwards,  amd  upwards 
— after  which  it  is  drawn 
off.  To  the  top  of  the  con- 
denser is  fitted  a  "  Chaplin 
&  Russell's  distil -aerator," 
a  novel,  simple,  and  efficient 
appliance  for  aerating  the 
distilled  water.  The  aera- 
tion is  effected  by  means  of 
a  smadl  cup-shaped  closed 
vessel,  of  brass,  halving  its 
upper  rim  jaerforatcd  with 
holes.  When  the  steam  to 
lae  condensed  is  turned  on,  the  external  air  is 
drawn  in  with  the  current  by  suction,  ami  rushes 
through  those  ojaenings  into  the  condenser,  so  as 
thoroughly  to  commingle  with  the  steam  at  the 
moment  of  condensation,  and  fully  to  aerate  the 
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r,  which  is  delivered  clear,  bright  and 
colourless,  palatable,  and  devoid  of  odour.  Its 
tcinjKrature,  M  it  runs  from  the  condenser  at 
the  rate  of  25  gallons  per  hour,  is  ulwut  00°. 
The  proportion  of  dissolved  gases  in  the  water 
was  found  l»y  Professor  Penny,  of  Glasgow,  to 
he  almost  exactly  the  same  as  Ls  found  in  the 
.soft  waters  used  in  large  towns.  The  quantity 
of  puses  dissolved  in  the  aerated  water  was  found 
by  Mr.  A.  T.  Macllattie,  of  Glasgow,  to  range 
from  to  7  cubic  inches  per  gallon.  The 
engine  will  be  further  noticed  in  its  proper 
place  (6g.  250). 


CHAPTER  III. 

FILTERING  APPARATUS. 

Solid  matters  in  water  subside  by  virtue  of 
their  greater  specific  gravity.  The  rapidity  with 
which  they  subside  depends  partly  on  the  bulk 
or  size  of  each  particle,  and  on  its  specific  weight 
Matters  in  solution  may  be  made  to  subside  by 
previously  converting  them  into  their  origimil 
solid  state  by  means  of  chemical  re-agents.  Solid 
matters,  and  some  others  in  solution, — for  in- 
>tance,  decomposing  organic  matters,  and,  to  a 
limited  extent,  metallic  oxides  and  earthy  salts, 
— are  also  removed  by  means  of  filtration.  For 
filtering  matter  in  solution,  animal  or  bone 
charcoal  is  found  to  be  the  most  powerful 
agent. 

It  is  commonly  supposed  that,  for  the  purpose 
of  filtering  matter  iu  suspension,  the  jnii-es  or 
crevices  of  the  filtering  material  must  be  smaller 
than  the  smallest  particles  to  be  retained.  This 
notion  is,  no  doubt,  true  with  regard  to  a  sieve, 
but  it  does  not  hold  good  for  a  filter ;  for,  in  the 
latter,  the  large  and  small  solid  particles  are 
required  to  be  separated  from  the  fluid  ones. 
Now,  i*irtieles  not  larger  than  one  forty-millionth 
l«rt  of  a  cubic  inch,  visible  only  under  a  power- 
ful microsco|>e,  will,  if  present  in  quantity, 
iiuike  water  turbid  ;  but  through  pores  of  so 
small  a  size  water  itself  could  not  pass,  except 
under  pressure  considerably  greater  than  what 
Ls  applicable  to  any  filtering  apparatus.  The 
jwrwer  by  which  the  arrested  |»articles  are  de- 
tained whilst  the  fluid  matter  passes  on,  is 
chiefly  that  of  capillary  attraction,  which  will 
tq>erate,  unless  it  is  counteracted  by  gravity.  If 
so  baffled,  of  course  the  impurities,  instead  of 
adhering  to  the  sides  or  projections  of  the  minute 
channels  in  the  filtering  medium,  will  be  carried 
along  with  the  water,  and  the  water  will  be 
imperfectly  filtered. 

The  princijial  point  to  U<  considered  in  the 
process  of  filtration,  accordingly,  is  the  speed 
with  which  the  water  is  made  to  flow  through 
the  filtering  material ;  and  whilst  fine-grained 
filtering  material  has  l>een  tried,  though  in 
vain,  with  the  object  of  produciug  i>ores  finer 


than  the  finest  particles  to  be  arrested,  it  has, 
nevertheless,  answered  the  purpose,  inasmuch  as 
the  water  filtered  through  under  a  given  pressure 
at  the  required  speed.  But  there  is  a  drawback 
to  this  mode  of  action  ;  for  if  the  speed  be  right 
at  the  commencement,  when  the  filter  is  clear 
of  de}M>sit,  it  must  fall  otf  wheu  the  j>ores  get 
clogged  or  reduced  in  size  by  the  deposited 
particles.  The  filter-beds  of  the  waterworks 
require  to  l>e  cleansed,  by  removing  the  layer 
of  clogged  sand,  every  three  or  four  weeks,  or 
even  more  frequently.  Domestic  filters  are  often 
found  useless  for  the  same  reason. 

-Messrs.  T.  H.  Danchell  <fc  Co.,  London,  exhi- 
bited filtering,  toater-sojiening,  and  water-testing 
apparatus.  In  the  filtering  apparatus,  Mr. 
Danchell,  perceiving  the  defects  of  the  ordinary 
systems,  employs  a  coarse-grained  filtering  ma- 
terial, through  which  the  water  can  pass  very 
freely,  so  as  not  to  be  very  materially  checked 
by  the  size  of  the  i*>res  or  crevices,  and  he  re- 
gulates the  speed  of  the  current  by  the  inlet  or 
outlet  of  the  water  to  or  from  the  filter.  The 
advantage  of  such  an  arrangement  is,  that  a 
filter  so  constructed  will  pass  at  least  twenty  to 
twenty-five  times  the  quantity  of  water  that  can 
be  transmitted  by  any  common  filter,  before 
showing  any  perceptible  difference  in  the  quality. 

In  order  not  to  tax  the  filter  more  than  is 
necessary,  Messrs  Danchell  &■  Co.  cause  the 
water  to"  filter  by  ascension,  and  thus  to  leave 
the  impurities  that  are  too  heavy  to  be  carried 
upwards  by  the  current,  to  subside  before  reach- 
ing the  filter.  With  a  size  of  filter  just  suffi- 
cient to  yield  the  quantity  of  water  required  for 
use  at  a  time,  the  water  is  purified  when  wanted, 
and  the  accumulation  of  fresh  impurities  after 

Fig.  257. 


Filtiwxo  ArrAiitVR,  by  M 


filtration  is  prevented.  By  placing  the  domestic 
filter  in  the  cistern,  the  necessity  for  sjiecial 
attention  on  the  j«irt  of  domestics  is  obviated 
(fig.  257). 
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M.  Naduult  de  Buffon,  Paris,  cxliibitcd  tubu- 
lar filters,  in  which  the  filtering  substance  con- 
sists of  mineralised  wool-j>owder,  compressed  | 
into  the  space  l>etween  an  external  metallic  j 
tube,  and  an  internal  perforated  galvanized 
iron  cylinder.  The  water  is  filtered  through 
the  wool-powder  into  the  inner  cylinder,  from 
which  it  is  drawn  off  for  use.  The  filter  ia  said 
by  the  exhibitor  to  intercept  the  salts  held  in 
solution,  and  to  be  readily  cleansed  by  simply 
reversing  the  direction  of  the  current,  to  flow 
from  the  inner  cylinder  through  the  powder.  The 
action  of  the  filtering  substance  in  precipitating 
the  salts  is  not  very  obvious. 

MM.  Lorenz  <fc  Vette,  Berlin,  exhibited  re-  I 
servoir  filter  balls,  made  of  "  plastic  charcoal." 
They  are  porous  hollow  balls,  of  from  4  to  8 
inches  in  diameter,  used  by  means  of  a  tin  or 
india-rubtor  syphon-pipe,  for  rendering  bad 
water  drinkable.  The  filter  Is  immersed  in  the 
water  to  lie  filtered,  and  the  air  is  Slicked  from 
it,  when  the  water  percolates  into  the  interior 
and  flows  off  pure  through  tho  syphon.  The 
ball  may  be  cleansed  by  reversing  the  operation, 
— blowing  Ixick  the  water  through  the  pores. 


CHAPTER  IV. 

PRECIPITATING  APPARATIS. 

The  method  of  purifying  water  by  means  of 
precipitation,  is  particularly  applicable  to  water 
containing  lime  and  magnesia,  in  the  form  of 
bi-cartonates,  in  solution.  These  salts  may  be 
deprived  of  a  portion  of  their  carbonic  acid,  and 
thereby  converted  into  carbonates,  which,  being 
insoluble,  subside,  and  leave  the  water  clear. 
The  bi-cartonates  render  water  hard,  and,  as 
such,  are  wasteful  for  manv  domestic  and  manu- 
facturing  purposes,  whilst  they  are  in  other 
respects  inconvenient. 

A  variety  of  modes  have  been  proposed  for 
preeipating  the  lime  and  magnesia  thus  held  in 
solution,  and  to  render  the  water  soft  ;  but  the 
method  invented  by  Dr.  Clark,  in  which  caustic 
lime  is  employed  to  reduce  the  bi-carbonates,  un- 
doubtedly deserves  the  preference.  Theonlydraw- 
back  attending  the  application  of  this,  as  of  other 
plans,  is  the  difficulty  of  employing  it  for  house- 
hold purposes,  where  the  management  of  it  Is 
left  in  the  hands  of  domestics. 

Messrs.  T.  H.  Danchell  «fe  Co.  exhibited  a 
precipitating  apparatus,  eml)odying  Dr.  Clark's 
process,  nearly  self-acting,  requiring  no  attention 
beyond  the  occasional  removal  of  deposits,  and 
the  renewal  of  the  precipitating  agent  The 
cistern  is  divided  by  a  vertical  partition  into  two 
compartments,  a  smaller  and  a  larger,  in  the 
proportion  of  one  to  six,  to  hold  resj>ectively 
the  store  of  caustic  lime  aud  the  purified  water. 
The  water  supply  from  the   service  pipe  is 


delivered  into  a  small  receiving  chamber  fixed 
over  the  smaller  compartment,  from  which  it 
is  distributed,  in  fixed  proportions,  determined 
according  to  the  degree  of  hardness  of  the  water, 
by  suitably  sized  outlets,  in  two  currents — one 
by  a  small  pipe  to  the  bottom  of  the  lime  com- 
partment, whence  it  ascends  through,  and 
dissolves  an  equivalent  of  caustic  lime;  the 
other  current  is  delivered  into  a  mixing  tube 
placed  upright  in  the  larger  comjuu-tment,  where 
it  is  met  by  the  lime-water  current  delivered 
from  the  lime  compartment  By  the  intermix- 
ture of  these  currents,  the  bi-carbonate  of  lime 
is  reduced  by  the  caustic  lime,  and  the  insoluble 
product,  carbonate  of  lime,  or  chalk,  falls  to  the 
bottom  of  the  mixing  tube,  which,  for  the  pur- 
pose of  holding  the  precipitated  chalk,  is  con- 
tinued down  through  the  bottom  of  the  cistern. 
The  water  jwrcolates  through  the  stratum  of 
chalk,  and  ascends  &*  soft  and  clear  water 
through  a  return  tube  into  the  cistern. 

Messrs.  Danchell  tfc  Co.  exhibited  also  their 
totting  apparvtfUM  for  discovering  the  presence  of 
impurities  in  water.  Seven  testing  fluids  are 
supplied,  to  test  for  lime,  ammonia,  lead,  iron, 
and  decom]xx<ed  organic  matter.  The  tests  are 
made  to  depend  upon  the  appearance  of  the 
water  after  the  addition  of  one  or  other  of  the 
testing  fluids. 

M.  Durenne,  Paris,  exhibited  M.  Wagners 
water-sojiening  apjmrattts,  called  the  "hydratnio- 
purificator,"  which  is  worked  on  the  principle 
that  hot  water  holds  less  of  the  salts  of  lime  in 
solution  than  cold  water;  and  that,  consequently, 
if  the  cold  water  to  be  purified  be  sufficiently 
heated,  the  greater  portion  of  the  salts  will  lie 
precipitated.  A  series  of  hollow  trays  or  plat- 
forms are  placed  one  aliove  another  in  a  square 
case,  in  which  the  cold  water  is  introduced  at 
the  top,  and  trickles  down  from  one  to  another, 
enveloped  in  the  waste  steam  of  an  engine,  or 
steam  from  a  boiler  direct  The  water,  l»eooniing 
heated,  dejxisits  a  portion  of  its  salts  of  lime  ou 
each  tray  until  it  is  discharged  at  a  high  tem- 
perature, and  softened,  at  the  tottom  of  the 
chaml>er.  By  opening  the  front  of  the  case,  the 
trays  are  taken  out  from  time  to  time,  aud 
cleared,  or  replaced  by  fresh  ones.  The  apj>a- 
ratus  is  specially  applicable  for  p\u-ifying  and 
heating  feed -water  for  steam-toilers,  and  it  is 
re}K>rted  to  work  efficiently.  M.  Tresca  states 
that  he  has  seen  the  results  of  its  application  to 
a  i>ortablc  engine,  in  which  it  was  placed  inside 
the  dome  of  the  toiler.  Nearly  the  whole  of 
the  lime  was  dc]>osited  from  the  water  upon  the 
trays,  to  a  thickness  of  about  \  inch,  He  men- 
tions that  a  similar  apparatus  has  liecu  applied 
in  Austria,  by  M.  Schau,  to  a  numtor  of  loco- 
motives on  the  railway  from  Vienna  to  New 
Sziinyi,  and  that  by  that  means  seven-tenths  of 
the  incrustation  which  would  otherwise  have 
been  formed  in  the  toilers,  was  intercepted  by  the 
apparatus.  M.  Tresca  further  quotes  the  results 
of  experiments  on  the  waters  of  the  Seine  by 
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M.  Durenne,  with  Wagner's  apparatus,  which 
are  rendered  in  the  following  table,  showing  that 
four-fifths  of  the  impurities  were  intercepted  : — 


Composition  of  the 
W»t*r  per  litre 
(«1028  Whe»). 

Matter* 

pre- 
cipitated. 

Before 
entering 
the 
Apparatus. 

After 
leeving 
the 
Apparntu*. 

Bi-earbonate  of  lime  ) 
and  of  magnesia  ...  J 

Sulphate  of  lime  and  ) 
of  magnesia   J 

Silica,  chlorides,  and  J 
vegetable  matter  j 

Graine. 

17*55 

090 
005 

Grains. 

277 
210 
03R 

Per  cent. 

81 

75 
40 

2810 

5G1 

80 

CHAPTER  V. 

ICE-MAKING,  FREEZING,  AND  COOLING  MACHINES. 

The  manufacture  of  ice  is  a  business  of  recent 
origin  ;  it  has  arisen  within  the  last  five  years. 
The  principle  on  which  machines  for  making 
artificial  ice  are  constructed  is  an  application 
of  the  natural  law  by  which  the  heat  contained 
in  evaporating  fluid*  passes  oil*  with  the  vapour, 
thereby  cooling  the  evajiorating  body  and  other 
bodies  in  its  neighbourhood.  The  natives  of 
India  practised  this  principle  in  their  so-called 
ice-jMUis,  or  shallow  tanks  covered  with  wet 
straw  or  rashes,  to  assist  tho  evaporation  ;  by 
means  of  which,  it  is  asserted  on  good  authority, 
a  film  of  ice  was  formed  during  the  night.  The 
formation  of  ice  by  this  means  appears  to  have 
been  disregarded  by  mechanical  men,  who  con- 
sidered it  merely  as  an  experiment  for  the 
laboratory. 

Air.  D.  Siebe  (now  Messrs.  Siel>e  Brothers), 
London,  exhibited  an  tee-making  machine,  in- 
vented by  Mr.  Jacob  Perkins  in  1834,  improved 
upon  by  Mr.  J.  Harrison,  of  Australia,  in  18.5G, 
and  sulisequently  improved  by  Mr.  D.  Siebo 
in  18G2.  A  volatile  fluid — ether  by  prefer- 
once — is  placed  in  an  air-tight  vessel,  and  is 
evaj>orated  in  vacuo,  the  vacuum  being  formed 
by  means  of  a  pump, — which,  in  its  continued 
efforts  to  reduce  the  pressure  in  the  formation 
of  a  vacuum,  in  the  first  place  promotes  the 
evaporation  of  tho  fluid  at  a  low  temperature  ; 
in  the  second  place,  by  |>ositive  compression,  the 
pump,  with  the  cooling  aid  of  waterat  an  ordinary 
temperature,  further  reduces  or  condenses  the 
vapour  to  the  fluid  condition  from  which  it  was 
converted.  The  fluid  then  flows  back  to  the  re- 
frigerator from  which  it  started,  and  thus,  by  a 
continuous  circuit,  it  is  alternately  evaporated 
at  a  low  temperature,  and  condensed  by  pressure 
at  a  higher  temperature,  with  water  as  a  medium, 
and  used  over  and  over  again,  without  any  loss 
of  material,  except  such  as  may  take  place  by 


leakage.  The  supply  of  ether  to  the  refri- 
gerator is  regulated  by  a  self-acting  valve. 
A  temperature  5W  la-low  tho  freezing-point  of 
Fahrenheit's  thermometer  may  be  effected  ;  but 
in  place  of  an  unprofitably  low  temperature,  the 
cooling  action  is  distributed  through  the  maas  of 
salt  water  employed  as  the  freezing  medium, 
the  salt  water  retaining  its  fluidity  below  32° 
Fahrenheit,  the  freezing-jioint  of  fresh  water. 
The  refrigerator — a  long,  low  trough — is 
conveniently  arranged,  so  that  the  ice-moulds 
can  be  moved  successively  towards  the  coldest 
portions  of  the  circulating  medium,  as  the  frozen 
moulds  are  removed,  whilst  fresh  moulds  are 
placed  at  the  further  end  of  the  refrigerator.  The 
slabs  of  ice,  as  they  are  token  from  the  moulds, 
are  piled  upon  one  another,  so  forming  blocks  of 
any  size  or  weight. 

Messrs.  Carre  «k  Co.,  Paris,  exhibited  a  cool- 
ing apjHimtus,  in  two  forms, — one  for  domestic 
uses,  to  mako  ices,  sherbets  «kc.  ',  the  other  for 
manufacturing  purposes.  In  these,  heat  is  em- 
ployed without  the  aid  of  a  steam-engine.  They 
oj>eratc  on  tho  general  principle,  already  enun- 
ciated, of  the  al>sorption  of  heat  by  fluids  in  the 
course  of  evaporation  ;  and  are  based  on  the  fact 
that  water,  when  cold,  absorbs  a  large  quantity 
of  amuumiacal  gas,  which,  when  the  water  is 
heated,  escaj)es  and  is  condensed  in  a  cold  vessel. 
On  the  contrary,  when  the  water  just  heated 
becomes  cold,  a  vacuum  is  formed,  and  excites 
a  rapid  evaporation  of  the  ammonia  into  the 
vessel  of  cooled  water,  to  bo  again  absorbed. 
The  heat  necessary  for  the  evaporation  of  the 
ammonia  is  extracted  from  tho  water  surrounding 
the  vessel  in  which  tho  liquid  ammonia  is  con- 
tained, aud  tho  water  consequently  is  frozen. 
The  overrating  medium  in  this,  as  in  the  other 
machine,  is  used  over  and  over  again,  without 
loss,  except  from  leakage. 

The  household  apparatus  is  convenient  also 
for  use  in  the  laboratory.  It  reduces  tho  tem- 
perature to  from  40°  to  58°  Fahrenheit  below 
the  freezing-|)oint.  One  pound  of  coal  produces 
from  2  lb.  to  3  lb.  of  ice.  One  pound  of  ice,  atone 
operation,  is  produced  in  55  minutes  ;  G^  lb.  may 
be  made  in  one  operation  in  2  hours  40  ininutes. 

The  manufacturing  apparatus  is  designed  for 
working  on  a  large  scale.  One  gallon  of  conden- 
sing water  is  required  for  the  production  of  1  lb. 
of  ice.    According  to  the  size  of  the  apparatus, 

I  lb.  of  coal  produces  from  8  lb.  to  16  lb.  of  ice. 

II  gallons  of  liquid  ammonia  are  required  for 
the  production  of  2G  lb.  of  ice  ja>r  hour,  and 
12G  gallons  for  the  production  of  440  lb.  of  ice 
per  hour. 

Ice-making  or  refrigerating  machines,  without 
actually  making  ice,  are  available  for  the  cooling 
of  hospitals  and  other  buildings.  It  has  been 
found  that  the  interior  of  a  chamber  may  be 
cooled  down  to  within  6°  of  the  freezing-point, 
whilst  the  thermometer  outside  stands  at  90° 
Fahrenheit  For  the  cooling  of  wort  in  breweries 
and  distilleries,  and  for  facilitating  the  salting 
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and  preserving  of  meat,  the  refrigerator  is  well 
adapted  ;  also  for  the  crystallization  and  reaction 
of  various  salts, — extracting  sulphate  of  soda 
from  sea  water,  crystallizing  benzole,  acetic  acid, 
Ac,  extracting  paraffin  from  oils,  concentrating 
diluted  solutions,  &c 

Mr.  G.  Simpson,  London,  exhibited  AslCs 
piston  freezing  machine  ami  wine  cooler,  for 
freezing  and  moulding  dessert  ices,  and  icing 
wines.  Chemical  mixtures  for  producing  cold 
without  ice  have  long  been  known.  One  of  the 
best  is  composed  of  sal-ammoniac  and  nitrate  of 
potash,  mixed  in  equal  quantities ;  added  to 
sulphate  of  soda,  they  make  a  powerful  freezing 
mixture.  The  chemical  action  that  takes  place 
incurs  the  rapid  absorption  of  latent  heat  from 
surrounding  objects,  hence  the  cold  is  produced. 
The  action  is  greatly  accelerated  and  intensified 
by  the  addition  of  water  to  the  mixture,  with 
agitation  ;  and  the  substitution  of  the  alternate 
action  of  the  piston,  to  bo  moved  up  and  down, 
for  the  rotatory  motion,  is  the  specialty  in  Ash's 
machine,  which  operates  efficiently  (tigs.  258). 


Ah's  Pistox  Fb*ktxo  Macoixi  axd  Wixi-coolh, 
by  Mr.  G.  Simp*on,  London. 


CHAPTER  VI. 

AKRATED-WATER  APPARATUS. 

Aerated  waters  or  beverages,  commonly  so  called, 
as  soda-water,  lemonade,  and  ginger -beer,  arc 
manufactured  by  the  impregnation  of  i lie  liquid 
with  carbonic  acid  gas,  in  a  close  chauibcr,  under 
great  pressure,  and  with  the  aid  of  continuous 
agitation,  the  flavouring  matter  being  in  addition. 
It  is  in  virtue  of  that  gas  that  the  effervescence 
of  such  drinks  is  produced  when  the  cork  is 
withdrawn  and  the  pressure  removed.  The 
apparatus  for  the  manufacture  of  aerated  waters 
comprises,  first,  the  generator,  or  the  apparatus 
for  producing  the  carbonic  acid  gas  under  high 
pressure ;  secondly,  the  means  of  impregnating 
the  liquid  with  the  gas  ;  and  lastly,  the  bottling 
apparatus. 

Foreign  manufacturers  do  not  generally  charge 
their  aerated  beverages  under  such  great  pressures 


as  are  applied  in  England.  In  Germany,  the 
consumers  seldom  care  for  more  than  two  or 
three  atmospheres  of  pressure  in  the  preparation 
of  their  drinks. 

Generators. — The  English  machines  were  ex- 
hibited without  the  generator  and  gas-holder  ; 
but,  from  the  drawings,  they  appeared  to  1* 
very  much  alike,  having  a  strong  leaden  vessel 
for  generating  the  gas,  from  whiting  or  chalk 
and  vitriol, — that  is,  carbonate  of  lime  and  sul- 
phuric acid.  The  leaden  vessel  containing  tie 
acid  is  swung  on  an  air-tight  joint,  so  as  to  drop 
the  acid  in  small  quantities  on  the  whiting,  as 
required.  The  sulphuric  acid  combines  with 
the  lime,  forming  sulphate  of  lime,  and  sets  free 
the  carbonic  acid,  which  is  collected  in  a  coppr 
rising-bell,  in  an  oak  tub,  from  which  the  eon- 
denser  of  the  machine  is  supplied. 

MM.  Hermann -Lachapelle  &  Glover,  Paris, 
exhibited  a  prettily  -  contrived  apparatus,  made 
of  copper,  with  a  glass  vessel  to  hold  the  acid, 
and  a  vessel  for  passing  the  gas  through  water. 
This  apjKiratus,  though  sightly  enough  in  design, 
cannot  be  so  lasting  as  the  leaden  gene- 
rator, as  it  must  be  acted  upon  by  the 
acid,  and  requires  frequent  renewal. 

With  reference  to  the  washing  of  the 
gas  by  passing  it  through  water,  as  it  is 
delivered  from  the  generator,  some  expe- 
rienced makers  assert  that  onco  washing 
is  sufficient ;  others  pass  the  gas  succes- 
sively through  a  number  of  vessels  of 
water. 

Impregnating  Apparatus. — Messrs.  J. 
Tylor  <fc  Sons,  Ixmdon,  exhibited  an  im- 
pregnator,  in  which  the  condenser  was 
made  of  sheet-copper,  with  a  soldered 
joint ;  on  this  construction,  access  cannot 
be  had  to  the  inside,  for  tinning  or 
for  repair.  The  agitator  has  not  any  sup- 
]iort  outside  the  condenser,  and  the 
supply-cocks  are  without  index-plates. 
The  pump  is  placed  outside  instead  of 
inside  the  frame,  in  the  way  of  the  bottler. 
It  is  fitted  with  a  bucket -plunger,  worked 
from  the  top,  in  which  the  valves  require  to 
be  kept  up  by  a  spring,  which,  if  of  steel,  is 
subject  to  rust  (fig.  259). 

Messrs.  Hayward  Tyler  <fc  Co.,  London,  ex- 
hibited two  machines,  in  which  there  did  not 
appear  to  be  any  means  of  ascertaining  the 
various  pressures  to  suit  the  various  drinks,  nor 
the  level  of  the  water  in  the  condenser.  The 
safety-valve  is  imperfectly  designed.  It  consists 
of  a  plug  i  or  $  inch  in  diameter,  fitted  into, 
and  capable  of  sliding  in,  a  recess  with  a  conical 
seat,  terminating  in  an  orifice  £  inch  in  diameter, 
within  which  the  pressure  is  received  on  the 
point  of  the  plug.  So  soon  as  the  plug  is  raised, 
the  pressure  acts  upon  its  whole  area,  and  it  i« 
consequently  held  up  until  nearly  the  whole  of 
the  gas  Is  |>ermitted  to  escape  through  a  lateral 
orifice  (figs.  2G0,  2G1,  page  280). 

Mr.  B.  Fleet,  London,  exhibited  an  inferiorly 


Google 


AERATED-WATER  apparatus. 


279 


FlO.  250. 


&otii-w*TU  .Mm  him  ,  hj  .M.M-,n>.  J.  Tylor  &  Boat,  Loudon. 


constructed  machine  in  operation,  manufactur-  | 
ing  soda-water  and  lemonade.    It  has  a  cast- 
iron  crank,  and  haa  no  bottling-nose. 

Mr.  Samson  Harnett,  London,  exhibited  two 
machines  of  tho  best  construction,  and  well 
designed,  with  massive  framing.  The  globes  or 
condensers  are  of  gun-metal,  turned  and  jointed 
with  steel  Iwlts  and  nuts,  so  as  to  be  easily  taken 
apart,  either  for  cleansing  or  re-tinning.  Ijirge 
dial-gauges  are  attached,  to  show  the  exact 
pressures,  distinctly  marked,  required  for  the 
different  beverages  manufactured.  Gauge-glasses 
are  also  attached  to  show  the  quantity  of  water 
in  the  condenser.  They  were  the  best  con- 
structed machines  exhibited  for  the  purpose  (tigs. 
2G2,  2G3,  i*ages  281,  282). 

MM.  Hermann-Lachapelle  <fc  Glover,  Paris, 
exhibited  an  excellently-made  machine,  intended 
chiefly  for  supplying  syphon-vases.  The  gun- 
metal  condensers  are  well  made;  but  the  agi- 
tator lias  no  external  support.  The  pump  is 
worked  by  means  of  the  objectionable  sling 
below,  which,  by  its  lateral  straining,  wears  both 
the  plunger  and  the  packing.  The  framing  is 
wanting  in  the  solidity  of  the  English  frames. 

MM.  T.  Greasier  it  Co.,  Berlin,  exhibited  a 
machine  which  presented  a  singular  appearance, 
the  condenser  being  placed  on  a  separate  stand. 
The  sj)eed  of  the  agitator  was  not  brought  up 
by  gearing. 


Bottling  ApjtaratitJt, — When  alkaline  drinks 
were  more  in  use  for  medicinal  purposes  than 
for  general  consumption,  there  was  little  need 
for  special  bottling  apparatus.  Bottling  by 
hand  and  knee  fully  answered  all  the  require- 
ments of  the  time  ;  but  when,  about  thirty  years 
ago,  the  stamp-duty  of  three-halfpence  per  bottle 
was  taken  off,  the  consumption  of  aerated  drinks 
was  greatly  increased,  and  the  introduction  of 
saccharine  flavouring  added  still  more  to  the 
demand.  Thus,  tho  carbonized  water  flavoured 
with  citric  acid,  refined  sugar,  and  essence  of 
lemon,  formed  the  striding  lemonade  ;  and 
this,  with  the  addition  of  the  extract  of  Jamaica 
ginger,  formed  the  unfermented  ginger- beer. 
Orangeade,  nectar,  imitation  champagne,  and 
other  varieties,  rapidly  followed  into  tho  market. 

In  the  operation  of  hand-and-knee  bottling, 
one  end  of  the  cork  is  fitted  a  little  way  into 
the  bottle  by  means  of  a  cork  -  squeezer,  tho 
bottler  sitting  in  front  of  the  bottling-nose  of 
the  machine,  on  a  stool  of  such  a  height  as  to 
allow  the  knec-board  to  press  the  mouth  of  the 
bottle  up  against  the  leathered  nipple  by  raising 
the  heela  off  the  ground.  When  the  condenser 
is  sufficiently  charged,  the  bottler  opens  the 
lever  or  screw  jam-cock  (which  is  the  only  sort 
of  cock  that  will  remain  tight  under  the  rapid 
manipulation  of  aerated  water  under  high 
pressure),  and  he  partially  fills  the  bottle.  He 
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Soda-witik  Ma(  uim,  \>y  Mr.  Sinuon  liarnett,  LouJon. 


thou  cases  tlio  pressure,  so  its  to  let  the  atmo- 
spheric nir  cscaj>e  from  the  bottle  ;  and  this  may 
require  to  be  done  more  thnn  once.  When  the 
bottle  is  sufficiently  full — it  must  never  be  quite 
full, — the  previously  fitted  cork  ia  then  tipplied 
to  the  side  of  the  bottle,  previous  to  its  removal, 
ho  as  to  be  instantly  inserted  when  re- 
quired. It  is  then  driven  down  by  a  wooden 
mallet.  A  skilful  bottler  can  fill  twenty  dozen 
j>cr  hour,  or  200  dozen  per  day.  By  constant 
practice  he  is  enabled  to  judge  of  the  pressure 
required.  It  Ls  labour  requiring  both  skill  and 
judgment ;  it  is  even  considered  as  a  trade,  and 
the  bottler  is  not  yet  superseded  for  the  highest 
class  of  alkaline  drinks. 

But  soda-water  machines  were  constantly 
being  required  where  the  demand  was  too  limited 
to  give  sufficient  employment  to  a  professional 
bottler ;  hence  the  need  of  bottling  machines 
that  could  be  worked  by  inexperienced  persons. 


The  buttling  machine,  like  most  others,  passed 
through  a  variety  of  forms  before  it  reached  its 
present  form.  A  machine  was  devised  for  tilling 
and  wiring  by  the  same  person,  which  was  soon 
given  up,  as  it  was  found  of  more  advantage  to 
bottle  rapidly,  and  let  a  boy  put  the  wire  on. 
The  first  buttling  machines  had  a  straight  or 
cylindrical  cavity  to  take  the  cork,  the  top  of 
the  cylinder  being  secured  by  a  cupdeathcr ;  the 
i  buttle  was  pressed  up  by  a  lever  against  an 
|  elastic  seat,  the  same  as  now  used,  and  the  cork 
was  forced  in  by  a  long  lever.  This  machine 
proved  a  failure,  as  the  liquor  charged  with  gits 
washed  out  the  dust  contained  in  the  cavities  of 
the  cork  situated  in  the  cylindrical  cavity  into 
the  bottle,  and  filaments  of  dust  were  observable 
in  the  water  when  the  bottle  was  held  up  for 
examination.  On  this  faulty  principle  Mr. 
Fleet's  bottling  machine  was  constructed-  After 
various  trials,  the  conical  chamber  was  intro- 
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Popi-ffiTEi  Mtcui.ii-.  I'T  Mr.  Samson  Harnett,  London. 


dnced,  and  it  is  the  only  one  now  used  with 
success.  The  advantage  of  the  conical  form  is, 
that  it  first  compresses  the  cork,  making  it  easy 
to  enter  the  bottle,  where  it  afterwards  expands, 
and  an  nir-tight  joint  is  made  by  the  cork  com- 
pressed in  the  cone,  so  that  as  the  under  side 
only  of  tho  cork  is  exposed  to  the  action  of  the 
gaseous  liquor,  none  of  the  dust  contained  in 
the  cavities  of  the  cork  can  enter  the  Itottle. 
Another  fault  of  the  cylindrical  chamlicr  is,  that 
the  cork  being  at  its  full  uncompressed  size,  was 
forced  at  once  into  the  mouth  of  the  bottle, 
causing  continual  breakages  ;  whereas  the  cone 
of  the  Unproved  bottling  machine  acts  as  a  cork- 
squeezer  liefore  it  gets  to  the  mouth  of  the  Iwtttle, 
iu  which  it  may  afterwards  expand  and  fill  the 
neck. 

The  cork  is  driven  down,  in  the  machines 
exhibited,  in  various  ways, — by  a  simple  lever, 
by  a  comjiound  one,  by  a  screw,  or  by  rack  and 
pinion.  It  is  of  importance  to  a  person  using  a 
machine  many  hours  daily,  that  he  should  have 
the  easiest  way  of  doing  his  work.  The  simple 
lever  used  in  the  foreign  machines  answers  well 
enough  for  the  low  pressures  they  employ  in 
them.    The  rack  and  pinion,  applied  by  Messrs. 


Tylor,  Messrs.  Tyler  «fc  Co,  and  Mr.  Bamett,  form 
the  best  application; — the  handle  iu  the  right 
hand  giving  great  power,  the  left  hand  is  available 
for  working  the  inlet  cock,  and  for  removing  the 
bottle. 

Mr.  S.  Bamett  claims  an  improvement  in  bis 
apparatus,  in  the  adjustable  escape  for  atmo- 
spheric air,  and  the  octagonal  fitting  of  the  cock- 
lever,  so  that  it  may  be  shifted  readily  into  a 
convenient  jwsition  ;  also  in  the  ml  instability  of 
the  nozzles  to  suit  corks  of  various  sizes  (fig. 
264). 

Aerated  beverages  are  often  supplied  from  a 
Conn  tor  fountain,  but  they  are  never  so  highly 
charged  with  gas  as  in  lx>ttles.  A  copjMT  vessel 
l>eing  partially  filled  at  the  machine,  is  taken  to 
tho  fountain.  This  vessel  must  never  l«  charged 
full,  as  space  must  be  left  for  the  gas  to  act  as  a 
spring,  and  force  the  water  into  the  fountain  pip'  - 
Formerly,  the  beverage  was  drawn  into  a  glass 
vessel  held  tight  against  the  tap  of  the  fountain, 
and  then  emptied  into  a  tumbler;  but  these 
vessels  are  now  out  of  use,  as  it  was  found  that 
less  of  the  gas  was  lost  when  the  water  was  drawn 
into  the  tumbler  direct. 

The  syphon-bottle,  or  vase,  is  designed  to  dis- 
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Fig.  2M. 


Bottlixo  MaCHOTI,  by  Mr.  Swnaou  Burnett. 


pense  with  the  cork,  by  having  a  metal  top  on 
the  tattle's  mouth  containing  a  valve,  acted 
upon  by  a  spring,  and  a  spout  outaide  to  empty 
its  contents  into  a  tumbler.  It  has  not  been 
brought  into  general  use,  on  account  of  the 
great  expense  and  liability  to  get  out  of  order, 
and  the  weakened  condition  of  the  water,  which 
loses  so  much  gas  wldlc  being  drawn  off  into  the 
tumbler. 

Motive  Potoer. — Manual  labour  is  found  the 
most  economical  power  where  the  demand  does  , 
not  exceed  2,500  littles  per  day,  as  a  man's 
services  are  otherwise  available  in  a  mineral- 
water  manufactory  when  not  engaged  at  the 
wheel.  In  many  country  towns  a  horse-wheel 
is  advantageously  employed,  as  the  horse  that 
carries  out  the  goods  is  employed  when  at  home  j 
for  turning  the  machine.  But  where  the  de- 
mand is  continuous,  and  above  2,500  bottles 
]ier  day,  steam-power  may  be  applied  with 
economy. 

The  usual  way  of  driving  with  shafting  and 
belts  has  often  been  attempted  to  be  superseded 
by  the  application  of  a  small  steam-engine  at- 
tached to  each  soda-water  machine  ;  but  it  does 
not  appear  to  have  been  of  any  advantage,  as 
those  who  adopted  it  liave  discontinued  its  use. 
Where  the  sale  is  large  enough  for  power  to  be 


employed,  several  machines  are  generally  re- 
quired, which  may  be  worked  by  one  length  of 
shafting  overhead,  that  will  also  pump  water, 
wash  bottles,  <fcc. 

Mr.  Fleet  exhibited  a  small  steam-engine  at- 
tached to  his  machine,  by  which  it  wan  worked. 
To  regulate  the  speed,  it  hail  two  fly-wheels  and 
two  cranks,  and  was  connected  by  two  cast- 
iron  wheels, — the  whole  machine  standing  on 
ten  legs. 

Mr.  Burnett  exhibited  a  drawing  of  a  steam 
soda-water  machine,  contained  in  one  frame. 
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The  principsd  feature  of  the  brewing  appa- 
ratus exhibited,  consisted  in  the  variety  of  refri- 
|  genvtoi-s. 

The  importance  of  refrigerative  power  in 
brewing,  more  effectual  than  that  of  the  ordinary 
wooden  coolers,  although  generally  acknowledge!, 
Is  at  the  same  time  much  underrated.  Com- 
jmratively  few  breweries  are  furnished  with  a 
sufficient  amount  of  cooling  j»ower,  considering 
the  effects  of  the  exjxwure  of  wort  to  atmo- 
spheric influence.  Though  wort  receives  little 
or  no  harm  from  lying  upon  coolers  for  a  short 
time,  when  the  temj>erature  of  the  air  ranges  near 
the  freezmg-jjoint,  yet  in  certain  conditions  of  the 
atmosphere  the  injury  done  by  such  exposure  is 
likely  to  result  in  spoiling  the  whole  of  the 
gyle.  Before  the  introduction  of  artificial 
coolers,  when  brewers  were  entirely  at  the 
mercy  of  the  old  open  coolers,  they  watched  the 
weather  with  eagerness,  and  carefully  avoided 
the  days  for  brewing  when  the  atmosphere  felt 
close,  and  when  drains  and  stagnant  j>ools  testi- 
fied, through  the  sense  of  smell,  that  decomj>osi- 
tion  was  going  on  much  more  rapidly  than  usual. 

Nowadays  brewers  are  rendered  independent 
of  weather  by  the  adoption  of  refrigerators  of 
sufficient  power  to  cool  the  wort  without  ex- 
posure in  open  coolers.  The  requirements  of  an 
efficient  refrigerator  are,  that  it  should  possess  a 
great  extent  of  efficient  cooling  surface,  not 
liable  to  1h5  choked  with  hops,  readily  accessible, 
and  easily  cleaned  ;  that  it  should  not  be  dis- 
abled by  dei>osits  from  water  or  by  corrosion, 
I  which  should  l>e  prevented ;  that  it  should  Ik- 
easily  retired  on  the  spot  by  ordinary  work- 
men, so  as  not  to  derange  the  operations  of 
brewing ;  and,  in  general,  that  it  should  be 
economical  in  using  the  smallest  possible  quan- 
tity of  water,  that  it  should  be  adaptable  to 
existing  arrangements,  and  that  it  should  work 
with  but  a  slight  head  of  wort. 

Mr.  J.  Lawrence,  London,  exhibited  a  refri- 
gerator consisting  of  252  copper  tubes  §  inch  in 
diameter,  8  feet  6  inches  long,  placed  in  rows  of 
ten  or  more  tubes,  in  a  case  of  English  oak, 
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capped  at  the  ends  with  brass  castings,  to  which 
the  pipes  aro  soldered  in  courses,  fourteen  or 
more  in  numl>er,  two  or  more  rows  forming  a 
course  or  division.  The  oak  case  is  likewise 
divided  by  removable  wooden  jMirtitions  into 
fourteen  or  more  comi>artments,  communicating 
with  each  other  at  alternate  ends,  therefore 
directing  the  course  of  the  water  backwards  and 
forwards,  and  making  it  traverse  a  distance  of 
1 20  or  more  feet  from  its  entrance  to  its  exit. 
The  wort  passing  through  the  pipes  is  directed 
by  the  removable  caps  or  covers  with  which  the 
ends  are  litted,  and  which  connect  two  courses 
together  at  each  end  alternately,  thereby  causing 
the  wort  to  flow  rapidly  in  an  opposite  direc- 
tion to  that  of  the  water,  tuid  to  traverse  the 
same  distance.  The  caps  are  readily  removable 
for  cleaning  the  tubes,  and  the  joints  are  made 
with  india-rubber  packing.  For  cleaning  the 
tubes,  an  elastic  brush  is  used,  consisting  of  india- 
rubber  discs  attached  at  the  end  of  it,  which 
cleans  the  tubes  effectually.  A  leaky  pipe  may 
lie  at  once  discovered,  plugged  up,  or  replaced  by 
a  new  one  in  a  short  time  by  an  ordinary  plumlter. 
The  refrigerator  will  work  with  the  foulest  and 
most  corrosive  of  waters,  as  the  tubes  are  easy 
of  access  on  the  outside,  and  may  be  freed  from 
corrosive  or  other  de]K>sit  by  a  brash  being 
jtasscd  between  them.  The  apparatus,  it  is 
stated,  cools  22  barrels  of  wort  per  hour,  under 
a  few  inches  of  head,  down  to  58°,  with  water 
at  52°,  using  1  h  barrels  of  water  to  one  barrel 
of  wort. 

Mr.  Lawrence  exhibited  also  a  mash-tun,  in 
which  the  old  plan  of  propelling  the  stirrer  by 
means  of  a  rack  at  the  circumference  is  replaced 
by  a  central  propeller.  Also,  an  improved  sjtarge 
for  sprinkling  water  over  the  goods.  It  consists 
of  a  pq>e  revolving  on  a  central  pivot,  like  a 
reaction-wheel,  by  the  reaction  of  the  water 
issuing  under  pressure  from  a  series  of  small 
orifices  along  the  pipe. 

Mr.  H.  Bridle,  Bridjiort,  exhibited  a  refri- 
gerator, in  which  a  series  of  flat  pipes  placed  verti- 
cally are  arranged  horizontally  side  by  side  in  a 
case,  about  an  inch  apart.  Each  pipe  is  divided 
by  a  partition  into  two  compartments,  an  upper 
and  a  lower,  and  is  made  of  turned  copper.  In  the 
ap|mratus  exhibited,  which  measures  G  feet  by 
3  feet,  there  are  47  pipes  7  inches  deep,  i  inch 
thick,  and  3  feet  in  length,  1  inch  apart.  Each 
alternate  pipe  is  jointed  to  the  bottom  of  the 
case,  so  that  the  wort  flows  alternately  over  and 
under  the  pipes  in  one  direction,  whilst  the 
water  jesses  through  the  pipes  in  the  opposite 
direction,  traversing  each  pijie  twice.  With  22 
barrels  of  water  at  o2°,  12  barrels  of  wort  per 
hour  are  cooled  down  to  58°.  With  wort  at 
130°,  12  barrels  of  wort  will  be  cooled  by  12 
barrels  of  water. 

Mr.  Pontifex  exhibited  a  refrigerator  of  a 
novel  construction,  formed  of  copi>er  discs  placed 
oue  above  another  in  a  wooden  vessel  or  vat. 
The  apparatus  is  furnished  with  a  Iwlance- 


weight  and  suitable  tackle  for  raising  the  discs 
for  the  purpose  of  cleaning  it,  and  for  lowering 
it  into  its  place,  where  it  is  secured  and  con- 
nected at  the  Ixtttom  by  a  tmion  joint.  The 
discs  are  connected  together  at  their  sides  and 
their  centres  alternately,  causing  the  wort  to 
flow  from  and  to  the  centres  of  each  in  its  pass- 
age from  top  to  bottom  of  the  vat,  the  cold 
water  jMissing  at  the  same  time  inside  the  discs. 
They  are  constructed  so  as  to  fit  the  vat  as 
nearly  as  possible,  for  wliieh  purjxwe  the  vat  is 
made  with  a  little  taper.  This  manner  of  pre- 
venting the  wort  passing  from  one  conqiartment 
to  the  other  is  imperfect,  as  the  wort  may  pan 
at  the  edges.  The  actual  amount  of  cooling 
surface  is  not  more  than  about  one-eighth  part  of 
that  in  other  refrigerators. 

Mr.  R.  Gibbon,  Brentford,  exhibited  a  com- 
bined separating,  dressing,  and  vudt-crushing 
machine,  the  object  of  which  is  to  increase  the 
quantity  and  quality  of  the  extract  by  crushing 
the  whole  of  the  malt  without  breaking  up  the 
husk.  The  malt  being  crushed  equally,  the 
whole  of  the  soluble  matter  of  every  grain  is 
readily  separated  in  the  mash-tun,  and  the  pro- 
cess of  extracting  is  facilitated  by  the  free  drain- 
age afforded  by  the  mechanical  supjmrt  given  to 
the  mash  by  the  husks  being  left  as  nearly 
entire  as  is  practicable,  which  accelerates  the 
drawing  off  of  the  worts.  For  these  objects  Mr. 
Gibbon  divides  the  midt  into  three  samples,  viz., 
large,  middle  sue,  and  small  kernels,  and  em- 
ploys three  jjairs  of  rollers,  adjusting  each  pair 
of  rollers  to  a  sample.  The  malt  is  also  freed 
from  dust  and  other  impurities  in  its  descent  to 
the  rollers  by  the  aid  of  a  gentle  blast  of  air. 
The  object  of  this  machine  is  excellent.  Many 
brewers  divide  the  malt  into  two  or  even  three 
samples,  but  Mr.  Gibbon  apjK'ars  to  have  l»een 
the  first  to  combine  the  operations  iu  one  ma- 
chine. The  sjKreds  of  the  rollers  might  proltably 
with  advantage  be  made  indej>eudently  adjust- 
able, to  suit  the  varying  proportions  of  samples, 

A  malt  balance  is  attached  to  the  machine, 
designed  to  indicate  the  quantity  of  extract 
obtainable  from  each  quarter  of  malt 

Messrs.  A.  Handy  side  «fc  Co.,  Derby,  exliibited 
Mr.  P.  R.  Hodge's  hop-se/xtrator  and  his  hop-press, 
the  latter  being  worked  by  hydraulic  pressure. 
They  are  machines  of  good  construction  and 
workmanship.  The  separator  divides  the  pollen 
and  the  seed  from  the  leaf,  and  by  breaking  up 
the  latter  causes  it  to  part  with  its  extractive 
matter  more  freely.  Mr.  Hodge  considers  that 
the  pollen,  which  is  the  most  volatile  and  delicate 
portion  of  the  hop,  and  contains  the  most  delicate 
bitter,  is  nearly  all  lost  in  boiling  by  the  old 
process.  He  argues  that  it  is  not  necessary 
to  put  those  volatile  ingredients  into  the  hot 
worts,  as  they  are  soluble  at  low  temperatures, 
and  may  be  added  to  the  ales  or  porters  during 
or  after  fermentation. 

Messrs.  Needham  <fc  Kite,  London,  exhibited 
a  fdter-prtss  for  semi-fluids,  which  is  applied  on 
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a  large  scale,  not  only  by  brewers  for  separating  ]  the  beer  is  squeezed  out,  and  runs  away  along 

yeast  from  beer,  but  also  by  other  manufacturers  |  the  grooves  provided  for  its  escape,  and  tho 

dealing  with  matters  from  which  liquors  are  to  yeast  remains  behind  in  solid  cakes.  This 

be  expressed.    The  yeast  is  pumped  into  linen  machine  Itas  proved  to  be  of  great  efficiency 

bags  placed  between  recessed  wooden  blocks ;  |  (tig.  265.) 

Fio.  203. 


Filte»-Piu»  ioc  8IM1-/LV1DP,  by  Mn<n.  Xrr.lluim  \  Kit*,  London. 


Mr.  Robinson,  Bridgewater,  exhibited  a  cu*k- 
cleamrinff  machine,  by  means  of  which  casks 


Tic.  206. 


C»-v-rt7»5«i50  M.in:i*F,  hj  Mr.  Bobin«on,  BridRewiilor. 

may  be  cleansed  without  being  unhcaded, — a 
process  which  is  frequently  attended  with  injury 
to  the  cask.    The  cask  is  cleaned  by  means  of 


sharp  giit,  as  flints  broken  small,  and  water. 
It  is  fixed  into  a  skeleton  frame,  which  is  ro- 
tated by  hand  or  by  power.  The  novelty  con- 
sists in  an  arrangement  for  gradually  shifting 
the  axis  of  rotation,  so  as  to  submit  even- 
portion  of  the  interior  surface  of  the  cask  to  the 
action  of  the  shingle, — across  the  staves,  dia- 
gonally, and  lengthwise.  The  change  of  position 
is  effected  by  means  of  two  excentrics  working  a 
pall,  and  turning  the  cask  by  one  tooth  of  a 
ratchet-wheel  at  each  revolution.  The  machine 
should  be  turned  at  the  rate  of  from  25  to  .'10 
revolutions  per  minute.  For  every  100  revolu- 
tions of  the  machine,  the  cask  makes  one  com- 
plete rotation  within  the  frame.  Cold  water 
may  be  used  ;  but  hot  water  is  preferable,  and 
is  for  foul  casks  indispensable  (tig.  2fiG). 

There  are,  according  to  Mr.  R.  Davison, 
brewery  engineer,  2,400  public  breweries  in  the 
United  Kingdom,  in  which  about  20,000,000 
barrels  of  beer  are  brewed  annually  ;  and  it  may 
be  assumed  that  at  least  an  equal  number  of 
l»arrels  annually  require  to  be  cleansed.  Barrels 
used  to  be  cleansed  by  means  of  steam,  or  hot 
water,  or  both,  aided  by  a  chain  placed  inside, 
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with  a  rolling  motion  by  hand  In  1843,  Mr. 
Davison,  in  concert  with  Mr.  W.  Lymington, 
introduced  the  first  successful  machine  for  the 
purjiose,  consisting  of  a  double  frame,  suited  to 
the  form  and  size  of  each  cask,  the  frames  re- 
volving one  within  the  other,  and  at  right  angles 
to  each  other,  in  such  a  manner  as  to  cause  a 
chain  of  jieculiar  construction,  assisted  by  hot 
water,  to  traverse  completely  every-  portion  of 
the  cask,  and  so  effectually  to  remove  all  adhering 
matter.  This  machine  is  in  high  repute  at  many 
establishments,  but  its  rate  of  i»erformance  is 
slow.     Mr.  Davison  law  recently,  at  the  last 


meetiug  of  the  British  Association  at  Newcastle, 
described  an  improved  machine  which  is  cajKible 
of  cleansing  100  dirty  casks  or  CO  mouldy  ones, 
per  hour.  Old  and  tainted  casks,  he  finds,  may- 
be cured  by  partial  steaming,  and  subsequent 
exposure  to  current*  of  hot  air  at  4o0°  Fahr. 
He  considers  that  highly  superheated  steam  is 
likely,  for  the  most  jwirt,  to  supersede  the  exist 
ing  processes ;  he  tried  its  effect  at  a  temperature 
of  (in0°or700'u|>on  a  "very  bad  stinking  cask," 
which,  after  ten  minutes'  exposure  to  the  steam, 
was  pronounced  "  perfectly  sweet." 


SECTION  IX. 
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CHAPTER  I. 

MAOKETO-BLBCTR1C  MACHINES  FOR  PRODUCING 
LIGHT. 

Professor  F.  H.  Holmes,  Northfieet,  exhibited 
a  magneto-electric  machine  for  producing  light, 
and  a  light  reguhUor,  in  action  in  the  Western 
Annex.  This  machine  was  designed,  and  is 
specially  applicable  for  lighthouses.  It  hits  been 
said  that  it  was  absolutely  impossible  to  pro- 
duce light  from  a  magueto-electric  machine  : 
such  a  light  was  first  produced  by  Professor 
Holmes,  and  was  exhibited  by  him  in  1805, 
when  M.  Becquerel  tx>ok  occasion  to  remark  that 
none  but  a  find  or  an  Englishman  would  have 
believed  it  possible.  In  1831,  it  was  tliscovered 
by  Faraday,  "  that  when  a  piece  of  soft  iron, 
surrounded  by  a  metallic  wire,  was  passed  by 
the  jMiles  of  a  magnet,  an  electric  current  was 
produced  in  the  wire,  which  could  be  exalted  so 
as  to  give  a  spark."  And  since  that  time,  to  the 
knowledge  that,  whenever  the  magnetic  force  in 
a  piece  of  soft  iron  or  steel  Ls  being  increased  or 
diminished,  a  current  of  electricity  will  lie 
induced  in  a  coil  of  insulated  wire  wound 
round  such  piece  of  soft  iron  or  steel — has  been 
added  these  laws  :  First,  that  the  force  of  the 
electric  current  thus  induced  is  proportional 
to  the  magnitude  of  the  increase  or  diminution, 
divideil  by  the  time  in  which  the  change  takes 
place  ;  and,  secondly,  that  the  current  thus 
produced  is  modified  by  the  length  and  diameter 
of  the  wire  in  the  coils.  U]ion  these  principles 
the  machines  have  been  made,  which  gave  the 
lights  at  the  South  Foreland,  and  at  Dungeuess, 
and  in  the  Western  Annex. 

"  Light,"  says  Professor  Holmes,  "  may  be 
produced  by  mechanical  means,  by  chemical 
action,  and  by  electricity.  Experiment  proves 
that  mechanical  means,  unassisted  by  chemical 


action,  can  produce  light  of  any  intensity,  nearly 
equal  to  a  good  gas-light ;  but  at  that  point  the 
production  of  light,  by  that  means,  stops.  Che- 
mical action  can  go  further,  and  produce  lights 
of  various  colours  and  intensities ;  and  many 
mechanical  contrivances  have  been  applied  to  a 
light  obtained  by  this  means,  either  to  produce 
a  given  amount  of  it  with  the  least  cost  of 
material,  as  in  the  argand  burner  ;  or,  by  mixing 
the  materials  employed,  so  as  to  cause  the  chemi- 
cal action  to  be  as  violent  as  possible,  to  produce 
a  more  intense  light,  as  in  the  blue-light,  or 
the  limelight 

"  The  intensity  of  the  light  produced  by  che- 
mical action  deiietuls  on  two  conditions,  viz.  : — 
that  there  must  be  solid  particles)  in  a  condition 
cajNible  of  taking  up  the  velocity,  and  chemical 
action  to  impart  the  velocity  to  them.  For 
instance,  in  the  lime-light  we  have  the  combina- 
tion of  hydrogen  and  oxygen,  wlueh  produces 
of  itself  but  very  little  useful  light,  as  it  is 
purple  ;  but  when  the  flame  impinges  on  a  piece 
of  lime,  the  heat  produced  by  the  combining 
gases  sublimes  the  lime,  and  then  the  particles, 
or  atoms,  floating  in  the  flame — though  they 
are  not  of  themselves  concerned  in  the  chemical 
action  going  on — produce  an  intense  white  light. 
In  the  oil  lamp,  the  hydrogen  of  the  oil  unites 
first  with  the  oxygen  of  the  air  :  and,  during  this 
combination,  the  jwrticles  of  liberated  carlion 
are  floating  in  the  combining  gases,  as  were  the 
jHirtieles  of  lime  before  ;  but  as  the  combination 
in  this  case  is  not  nearly  so  violent,  or,  in  other 
words,  as  the  velocity  of  the  combining  hydrogen 
and  oxygen  Ls  not  so  great,  the  light  produced  is 
less  intense.  The  intensity  of  the  light  dejiends 
on  the  number  of  jwirticles  or  solid  atoms  put  in 
motion,  and  the  velocity  with  which  they  move  ; 
and  if  the  velocity  of  chemical  action  could  lie 
iucreased  beyond  that  of  the  combination  of 
hydrogen  and  oxygen,  and  by  these  means  the 
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velocity  of  the  solid  particles  increased,  the  in- 
tensity of  the  light  would  also  be  increased  ;  and 
it  follows  that  if  there  l>e  any  means,  transcend- 
ing chemical  means,  by  which  solid  jiarticles  of 
matter  can  be  put  in  motion  with  a  greater 
velocity,  and  in  greater  quantity  and  number, 
that  means  will  produce  a  more  intense  light 
Such  a  power  will  be  found  in  eh?ctricity. 

"  Before  passing  to  its  consideration,  it  may 
be  well  to  note  another  reason  why  the  lime- 
light is  very  intense  to  the  eye,  as  compared  to 
the  oil-lamp.  That  is,  because  the  whole  thick- 
ness of  the  flame  produces  light,  and  therefore 
the  eye  is  affected  by  tho  whole  of  the  vibrations 
taking  place  in  a  diameter  of  the  flame  in  the 
direction  of  the  ray.  In  an  oil-lamp  which  has 
four  concentric  wicks,  eight  thicknesses  of  flame 
api>oar  to  give  off  rays ;  and  the  sum  of  these 
eight  thicknesses  of  flame,  if  they  were  solid, 
would  be  greater  than  the  diameter  of  the  lime 
light ;  but  the  lamp  flames  are  hollow,  and  it  is 
only  on  the  surfaces  of  each  flame  that  the 
chemical  action  is  taking  place,  to  the  depth, 
probably,  of  t60'ao6  part  of  an  inch.  If, 
then,  all  the  sixteen  thicknesses — that  is  to  say, 
the  two  surfaces  of  each  of  the  eight  shells  of 
light — be  added  together,  the  sum  will  fall  far 
short  of  the  diameter  of  the  flame  in  the  lime- 
light, 

"  For  the  foregoing  reasons  the  lime-light  is 
the  most  intense  continuous  white  light  produced 
by  chemical  action.  Intensity  can  be  increased 
by  increasing  the  velocity  of  the  combining 
atoms  ;  but  this  would  convert  combustion  into 
explosion.  An  explosive  mixture  can  be  made 
that  shall,  on  ignition,  produce  a  light  even 
more  intense ;  but  as  it  only  lasts  an  instant, 
it  does  not  come  under  the  head  of  that  which 
is  generally  understood  as  a  souree  of  light. 

"In  {Kissing  to  the  third  source  of  light — 
electricity — it  will  not  be  necessary  to  comjmre 
it  with  the  oil-lamp,  which  is  inferior  to  the 
lime  light,  but  only  with  the  latter  and  with  ex- 
plosives. Most  people  must  have  observed  the 
difference  between  the  illuminatingpower  of  aflash 
of  gunpowder,  even  from  a  large  gun,  at  night,  and 
the  vivid  glare  thrown  on  surrounding  objects 
by  a  flash  of  lightning;  although  the  duration 
of  the  lightning-flash  is  but  a  thousandth  part 
of  the  time  occupied  by  the  flash  of  the  powder. 
If,  instead  of  regarding  surrounding  objects,  the 
eye  be  directed  to  the  flashes  themselves,  the 
tlifference  is  still  more  extraordinary ;  for  a 
flash  from  a  large  gun  is  altogether  invisible,  if 
the  gun  is  fired  immediately  after  the  lightning, 
at  a  certain  distance  from  the  observer,  and  in 
the  direction  of  the  lightning  :  in  fact,  expe- 
rience teaches  that  nothing  but  the  sun  equals  I 
the  lightning's  flash  for  intensity  ;  and  often 
during  a  thunder-storm  at  night,  the  light  of  the 
flash  may  be  observed  to  penetrate  and  illumine 
clouds  tliat  no  other  light  but  the  sun  could 
illumine. 

"  On  comparing  this  light  with  the  direct  rays  J 


i  of  the  sun,  no  difference  could  be  found,  either 
|  in  intensity  or  colour.    The  prismatic  analysis, 
according  to  Dr.  Gladstone  (who  tried  the  ex- 
periment), is  in  favour  of  tho  magneto-electric 
light ;  the  intensity  being  as  7  to  6.  This, 
'  too,  was  with  the  light  at  half  its  usual  power, 
j  and  at  24  feet  distance  from  its  analysing  prism. 
"The  conclusion,  therefore,  is,  that  the  mag- 
neto-electric light  is  the  most  intense  light  that 
|  can  Ikj  produced,  far  exceeding  any  light  gene- 
i  rated  by  mechanical  means,  or  by  chemical 
j  action,  equal  in  intensity  and  jienetrating  power 
J  to  lightning,  and  apparently  of  the  same  nature 
as  sunlight." 

The  machine  is  cajmble  of  being  easily  main- 
tained in  continuous  action,  as  has  l)oen  proved 
at  South  Foreland  and  Dungencss  during  the 
long  nights  of  three  winters.  It  was  exhibited 
in  regular  action  every  day  in  the  Western 
Annex,  from  half-past  one  till  five  o'clock. 

The  apparatus  for  a  lighthouse  necessary  for 
the  production  of  this  light,  consists  essentially 
of  two  pieces  :  one  for  the  production  of  the 
electricity,  which  is  the  magneto-electric  ma- 
chine ;  and  the  other,  a  contrivance  by  which  the 
current  of  electricity  so  produced  Is  made  to 
regulate  its  own  flow,  and  give  out  the  greatest 
light  iswsible  without  interruption.  This  Is  the 
regulator  or  lamp. 

In  the  arrangement  of  the  magneto-electric 
machine,  the  objects  have  been  :  lirst,  to  arrive 
at  a  maximum  of  electricity  from  a  given  weight 
of  magnets  ;  secondly,  to  modify  the  current  by 
the  length  of  wire  in  the  coils,  so  that  the 
"shock  "  shall  be  trifling,  but  the  intensity  shall 
i  bo  still  great  enough  for  its  purpose ;  and, 
)  thirdly,  to  produce  a  permanent  light.  Above 
all  things,  therefore,  the  machine  has  to  bo 
constructed  in  such  a  manner  that  no  visible 
cause  of  getting  out  of  repair  shall  exist. 

The  machine  consists  of  three  circles  of  hoi-se- 
i  shoe  magnets,  17  inches  long,  made  of  bars 
2  inches  by  ^  inch  in  section,  fixed  in  a  cast  rim. 
There  are  twenty-two  magnets  in  each  circle,  or 
:  sixty-six  magnets  in  all,  weighing  one  ton  ;  the 
magnets  in  the  two  outer  rings  consist  of  four 
plates,  and  in  the  inner  ring,  six  plates.  The 
poles  of  the  magnets  are  2\  inches  apart,  and 
form  a  circle  5  feet  in  diameter.  They  are  per- 
manent magnets  of  cast  steel,  which  should  Ik; 
tough,  not  brittle : — of  a  fine  grain,  yet  slightly 
fibrous.  They  are  operated  by  means  of  two  series 
or  circles  of  soft-iron  cores,  eighty-eight  in  all, 
and  weighing  851b.  The  circles  alternate  with, 
and  revolve  Ijetween  the  magnets ;  and  they  are  of 
the  same  pitch  as  the  magnetic  poles,  namely  4} 
inches,  so  that  the  cores  in  each  revolving  ring 
are  simultaneously  covered  by  the  poles  of  the 
magnets,  and  simultaneously  exjxwed  alter- 
nately. The  cores  are  carried  in  a  brass  wheel- 
casting,  with  which  they  revolve  so  as  just 
safely  to  clear  the  jxtles  of  the  magnets : — 
the  more  slowly  they  can  be  set  without  touch- 
ing, tho  more  electricity  is  excited.   The  l>est 
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maximum  speed  of  revolution  is  from  110  to 
120  revolutions  per  minute.  The  cores  ure 
covered  with  helices  of  copper  wire  (No.  9 
wire -gauge),  containing  40  feet  of  double  wire,  or 
80  feet  of  single  wire,  on  each  core  The  wires 
in  the  helices  are  consecutively  connected,  two 
inner  ends  and  two  outer  ends  alternately,  form- 
ing uninterrupted  conductors  l-ound  the  two 
circles,  of  which  the  two  pairs  of  free  ends  are 
carried  from  the  coils  through  the  axle  to  the 
front,  whence  they  are  led  and  sejiarately  screwed 
to  the  commutators,  one  to  each  ]>air  of  wires. 

The  magnets  in  each  circle  are  arranged  with 
their  north  and  south  poles  regularly  alternating ; 
these  poles  alternate  also  with  those  of  the  op]K>- 
site  magnets  in  the  neighbouring  circles.  Further, 
the  cores  are  so  arranged  that  whilst  the  cores 
of  one  circle  coincide  with,  or  are  underneath, 
the  poles  of  the  two  circles  of  magnets  between 
which  they  revolve,  the  cores  of  the  other  circle 
are  intermediate  between  the  magnetic  jtoles. 
In  the  course  of  one  revolution,  then,  each  core 
is  subject  to  fourty-four  changes  of  magnet  ism, 
or  reversal  of  its  poles;  and  at  the  rate  of  1 10 
revolutions  per  minute,  the  changes  would  take 
place  4,8-10  times  in  a  minute  for  each  ring  of 
cores,  or  nearly  10,000  times  per  minute,  for 
the  two  rings  of  cores  alternately. 

The  quantity  of  electricity  induced  in  the 
wires  of  the  helices  being  projH>rtional,  amongst 
other  conditions,  to  the  amount  of  magnetism 
induced  in  the  cores,  two  poi::i-  should  Imi 
socially  attended  to,  in  order  that  this  amount 
should  be  a  maximum :  first,  that  the  steel 
magnets  should  l>c  strong,  and,  for  lighthouses, 
should  retain  their  original  strength.  To  arrive 
at  the  proper  proportions,  much  and  exjnmsive 
ex|>eriment  h;is  been  undertaken.  Mr.  Holmes 
discovered  that  the  armature  may  bo  too  heavy, 
and  weaken  the  magnet  to  such  an  extent  as  to 
require  to  be  re-magnetized.  He  found  that  the 
armature  should  have  exactly  one-forty-eighth 
of  the  weight  of  the  magnets, — say  one -fiftieth  ; 
ami  his  machines,  contrary  to  ordinary  ex- 
igence, remain  stronger  at  the  end  of  six 
months  than  at  first.  The  second  point  is,  that, 
in  their  revolution,  the  ends  of  the  cores  should 
pass  as  closely  as  possible  to  the  poles  of  the 
magnets  without  touching  them,  as  contact  with 
the  poles  would  endanger  the  integrity  of  the 
machines.  Hence,  no  wood  or  similar  sulwtancc 
can  with  safety  Ik?  employed  to  retain  the  mag- 
nets in  their  place  ;  for  a  change  of  humidity 
would  disarrange  all  ;  in  fact,  the  total  destruc- 
tion of  a  large  machine  at  Brussels  was  caused 
by  the  use  of  wood  for  this  pur|>o8e.  The  mag- 
nets, therefore,  in  the  Nortlifleet  machines,  are 
mounted  entirely  in  brass,  and  aire  retained  in 
their  exact  position  by  strong  set-scre  ws,  so  that 
any  disarrangement  is  an  impoattibility. 

The  commutators  are  simple  contrivances,  for 
the  purpose  of  giving  a  steadier,  whiter,  and 
more  intense  light ;  the  alternating  currents  of 
electricity  induced  in  the  helices  being  directed 


so  that  not  only  does  the  entire  current  ]»as» 
from  the  machine  in  one  direction,  instead  of 
alternating,  but  the  dead  \  <  ants  in  the  current 
are  counteracted,  so  that  the  current,  instead  of 
being  intermittent,  is  constant.  Each  commu- 
tator consists  of  two  brass  discs  with  square 
teeth,  which  interlock  with  each  other,  or  mu- 
tually occupy  the  interspaces,  as  in  an  ordinary 
shaft-coupling  with  fast-and-loo.se  clutches.  The 
teeth  do  not  touch  each  other  at  any  point,  but  ure 
placed  ^  inch  clear,  for  insulation,  as  it  is  a 
characteristic  of  current  electricity  that  it  will  not, 
like  frictional  or  static  electricity,  dart  through 
sjuice.  The  teeth  are  the  same  in  number  as 
the  magnets,  and  the  electricity  is  collected  from 
them  by  two  rollers,  which  run  over,  and  are 
maintained  in  rolling  contact  with  them,  by 
springs,  and  which  break  contact  at  every  inter- 
space, in  passing  from  a  tooth  of  one  disc  to  a 
tooth  of  the  other.  Thus,  whilst  in  each  commu- 
tator, one  roller  collects  and  transmits  all  the 
positive  currents,  the  other  roller  collects  and 
transmits  all  the  negative  currents. 

The  electricity,  by  means  of  the  conducting 
wires,  arrives  in  the  lantern,  where  it  is  pro- 
duced between  two  "  carbons,'1  or  sticks  of 
graphite,— obtained  from  the  insides  of  g.us  re- 
torts,— a  compound  of  carbon,  iron,  antimony, 
silicon,  and  other  matters.  The  carbons  arc 
G  millimetres,  or  about  \  inch,  square,  arranged 
vertically,  one  over  the  other  ;  and  as  the  upj>er 
or  positive  ]>ole  is  maintained  at  a  white  heat, 
whilst  the  lower  or  negative  pole  is  scarcely 
reddened  at  all,  it  is  found  that  the  upper  one 
is  consumed  twice  as  fast  as  the  under  one. 
They  are,  accordingly,  pre] Hired  respectively  12 
inches  and  G  inches  in  length,  so  as  to  equalize 
their  duration.  In  order  to  maintain  the  light 
in  true  focus,  the  rate  of  feed  for  the  Upper 
carlion  is  twice  that  for  the  under  one.  The 
consumption  of  carbons  was  at  the  rate  of  3 
inches  per  hour  in  the  Western  Annex, — 2  inches 
of  |H>sitiveand  1  inch  of  negative  carbon  ;  but  in 
lighthouses  with  two  machines,  it  amounts  to 
.3  A  inches  per  hour. 

The  light-regulator  is  a  piece  of  clock-work, 
governed  by  electro-magnets,  automatic,  to  feed 
the  carbons,  and  to  regulate  their  distance  ajwut, 
so  as  to  maintain  the  light  at  a  constint  degree 
of  intensity.  The  strength  of  the  current  is 
adjusted  by  means  of  a  galvanometer.  The  dis- 
tancc  lietween  the  carbon  points  does  not  vary 
more  than  .j,1^  inch. 

The  revolving-wheel  is  turned  by  a  direct- 
acting  steam-engine,  of  one  cylinder  oj  inches 
in  diameter,  1 2  inches  stroke,  with  20  lb.  steam, 
consuming  171b.  of  coke  per  hour. 

MM.  A.  Berlioz  6i  Co.,  Paris,  exhibited  a 
magneto-electric  machine  for  the  production  of 
light,  on  Professor  Holmes'  system,  with  the 
exception  of  the  commutators,  which  are  Omitted. 
The  terminal  poles  of  the  coils  are  connected 
with  one  of  M.  Serrin's  electric  lamps,  wluch 
gives  a  light  of  considerable  brilliancy,  notwith- 
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standing  the  employment  of  currents  in  alter- 
nately opposite  directions.  The  light  is,  never- 
theless, not  white,  like  Mr.  Holmes's,  nor  is  it  so 
steady.  It  is  surrounded  by  a  column  of  rose- 
coloured  light,  the  rose-tint  being  due  to  the 
presence  of  carbonic  oxide,  the  result  of  the 
imperfect  combustion  of  the  carbons,  which  is 
the  effect  of  the  alternating  currents ;  and  the 
comparative  unsteadiness  of  the  light  is  to  be 
traced  to  the  same  cause.  Photograplis  of  the 
two  lights,  with  and  without  the  commutator, 
are  very  different.  The  machine  contains 
forty  magneta  ami  sixty-four  cones,  and  makes 
from  300  to  400  revolutions  per  minute.  The 
light  generated  by  this  machine  is  said  by  the 
exhibitor  to  be  equal  to  that  of  125  carcel  lamj>- 
burners,  each  burner  consuming  40  grammes 
(about  26  oz.)  of  oil  per  hour  ;  and  the  power 
required  to  work  the  machine  is  said  to  be 
1  ^-horse  |x>wcr. 


CHAPTER  II. 

TELEGRAPH-CABLE  MACHINES. 

Messrs.  Siemens,  Halske,  »fe  Co.,  London,  ex- 
hibited a  telegraph-wire-covering  nuuhirie,  the 
invention  of  Mr.  C.  W.  Siemens.  The  con- 
ductor, or  insubitcd  wire,  is  insulated  by  india- 
rubber  and  an  exterior  coating  of  gutta-percha, 
with  a  flexible  casing  of  copjwr  or  brass.  The 
conductor,  being  either  a  solid  copper  wire  or  a 
strand  of  several  wires,  as  occasion  may  require, 
is  first  coated  with  a  thin  film  of  an  insulating 
compound,  known  as  "  Chatterton's  Compound." 
The  wire  thus  prepared  is  then  covered  with 
pure  india-rubber,  by  a  |>eculiar  process,  in  which 
the  application  of  heat  is  avoided.  The  india- 
rublwr  1  minis  are  laid  longitudinally  on  the  wire, 
and  joined  in  the  covering  machine  by  bringing 
fresh-cut  edges  together  under  great  rolling 
pressure.  Where  several  coats  of  india-rubber 
arc  applied,  the  longitudinal  seams  of  successive 
layers  are  made  to  occur  at  right  angles  to  each 
other.  The  insulated  wire  is  next  covered  with 
"  Chattei-ton's  Compound  "  and  guttaqiercha,  to 
give  protection  to  the  more  tender  india-rubW. 
The  advantages  claimed  for  this  method  consist, 
chiefly,  in  rendering  the  occurrence  of  faults 
almost  impossible,  and  in  obtaining,  in  the  com- 
bined india-rubber  and  gutta-percha  covering, 
the  high  insulation  and  low  induction  due  to 
the  former.  The  manner  in  which  the  india- 
rubber  strips  are  laid  on  produces  an  absolute 
concentric  coating,  free  of  all  flaws  or  air-holes. 
The  centricity  of  the  conductor  in  its  insulating 
medium  is  not  risked  by  heat,  to  which  the 
cable  may  be  accidentally  ex|HHsed,  as  india- 
rubber  retains  its  solidity  at  temperatures  at 
winch  gutta-percha  readily  softens  and  allows 


the  conductor  to  sink  through,  which  frequently 
bikes  place.  The  thin  coata  of  insulating  com- 
pound interjMjsed  between  the  copper  and  rubber, 
and  between  rubber  and  gutta-percha,  secure 
firm  adhesion  among  these  materials.  In  hand- 
ling the  wire,  the  guttaqiercha  serves  as  pro- 
tector, and  also  reduces  the  electric  charge. 

To  form  the  wire  just  described  into  a  cable, 
it  is  covered  with  a  double  layer  of  hemp  strings 
of  the  strongest  material,  saturated  in  Stock- 
holm tar,  laid  on  spindly,  and  under  consider- 
able tension,  the  twists  of  the  two  layers  running 
in  opposite  directions.  It  is  then  finally  covered 
by  a  flexible  copper  or  brass  sheathing,  composed 
of  bands  of  sheet  copjier  or  brass,  put  on  spindly 
under  the  influence  of  great  pressure,  and  with 
each  succeeding  turn  overlapping  the  preceding. 
The  covering  thus  produced  resembles  the  scales 
of  a  fish,  affonling  protection  without  being 
wanting  in  pliability.  The  phosphuretted  copper 
or  brass  applied  for  the  purpose  does  not  con-ode 
in  sea-water,  but  remains  in  perfect  condition 
for  a  great  number  of  years.  The  tensile 
strength  and  low  speciflc  gravity  of  the  cable, 
and  the  impossibility  of  the  metal  sheathing  un- 
coiling or  kinking,  will,  it  is  said,  remove  all 
difficulties  and  risks  connected  with  the  laying 
of  iron  covered  cables  of  the  description  hereto- 
fore adopted,  and  will  idso  lie  the  means  of 
enabling  the  cable  to  be  lifted  in  very  great 
depths,  after  the  expiration  of  many  years. 

These  cables  are  designed  chiefly  for  sub- 
marine and  underground  lines,  and  for  many 
overgrouud  purjKwes.  In  the  machine  for 
manufacturing  the  cable,  the  strips  of  india- 
rubber  arc  drawn  by  rolling  pressure  tight  upon 
the  wire,  so  as  thoroughly  to  exclude  air ;  they 
are  cut  at  the  proper  inclination,  and  the  edgiw 
joined  nearly  at  the  same  instant  at  which  they 
are  cut.  The  machine  consists  chiefly  of  two 
grooved  pressing  rellers  and  two  circular  shears. 
The  shears  are  so  placed,  one  on  each  side  of  the 
grooved  rollers,  that,  in  turning,  their  cutting 
edges  cross  the  circumferences  of  the  rollers 
a  little  before  the  centre  line,  at  a  point  where 
the  distance  between  the  two  circumferences 
is  equal  to  half  the  thickness  of  the  strip.  The 
wire  or  strand  to  lie  covered,  and  the  two  strijw 
of  india-rubber,  arc  guided  through  the  machine, 
which,  pressing  on  the  wire,  and  catching  the 
strips  between  the  cylindrical  |>ortions  of  the 
rollers,  shears  off  the  superfluous  portions,  and 
immediately  pushes  the  fresh-cut  edges  into  the 
groove  by  heavy  rolling  pressure.  Several  coat- 
ings in  succession  are  applied  in  this  way,  break- 
ing joint,  through  rollers  with  successively  en- 
larged grooves,  the  wire  passing  straight  through 
the  series.  The  seams  arc  found  in  practice  to 
lx>  as  sound  and  strong  as  the  body  of  the 
material.  Mr.  C.  W.  Siemens,  in  describing  the 
machine,*  submits  a  table  of  the  sjtecitic  non- 

•  See  "  Proceedings  of  the  Institution  of  Mechanical 
Engineers,"  18C0. 
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conducting  and  inductive  powers  of  different 
substance,  from  which  it  appears  that  at  52° 
Fahrenheit,  the  specific  non-conducting  power 
of  india-rubber  is  seventeen  times  as  much  as 
that  of  gutta-percha ;  and  that,  at  92°,  it  is 
seventy-three  times  as  much, — showing  the 
superior  fitness  of  india-rubber  to  gutta-percha, 
in  respect  of  insulating  power. 

Mr.  A.  Smith,  London,  exhibited  models  of 
his  vutclnnery  for  makiny  submarine  cables  and 
wire  roj>es,  as  used  in  the  manufacture  of  the 
late  Atlantic  cable.  The  bobbin -frames  and 
bobbins  are  placed  one  behind  another,  all  in  tho 
axis  of  the  revolving  frame,  and  remain  station- 
ary in  that  position,  while  tho  frame  alone  is 
made  to  revolve,  By  this  machine  an  increased 
speed  is  attained,  as  compared  with  the  older 
machines,  in  which  the  bobbins  are  mounted  on 
one  or  more  revolving  tables,  and  the  bobbins, 
with  their  frames,  containing  sometimes  half  a 
ton  eacli,  are  carried  round  the  common  centre, 
and  caused  to  rotate  on  their  own  centres  once 
for  every  lay.  This  is  an  important  advantage, 
because,  in  course  of  working,  some  of  the  bobbins 
are  full,  while  others  are  nearly  empty  ;  and,  in 
the  case  of  the  old  machinery,  a  great  strain  is 
thereby  thrown  on  the  parts  of  tho  machine  from 
the  variation  of  the  weight.  Mr.  Smith's  ma- 
chine is  capable  of  making  10,000  yards  of 
strand  per  day  of  ten  hours,  instead  of  only 
2,500  yards,  the  usual  amount  by  the  ordinary 
form  of  machine. 


CHAPTER  III. 

PEAT  MACHINERY. 

Mr.  J.  D.  Brunton,  London,  exhibited  ma- 
chinery for  draining  and  moxddiny  peat,  on 
Buckland's  patent.  The  deposits  of  i»eat  in 
Great  Britain  and  Ireland  occupy  an  area  of 
not  less  tlian  6,000,000  acres.  In  Ireland,  these 
deposits  arc  commonly  called  bogs  ;  in  Scotland, 
mosses  ;  and  in  England  moors  and  heatlis.  But 
they  are  all  of  similar  character,  being  composed 
chiefly  of  vegctablo  matter,  wholly  or  partially 
decomposed,  and  retaining  a  large  quantity  of 
water.  The  jn-at  near  the  surface  is  generally 
of  a  light  colour,  and  spongy  or  stringy ;  it  be- 
coin&s  browner  and  more  dense  at  a  greater 
depth,  and  quite  black  towards  the  bottom  of 
the  deposit,  where  it  is  sometimes  liard  and 
solid.  The  thickuess  of  the  peat  in  different 
localities  varies  froin  2  feet  to  40  or  50  feet. 
Assuming  the  average  thickness  to  lie  only  12 
feet,  an  acre  would  yield  about  3,500  tons  of 
dried  peat ;  consequently  the  aggregate  esti- 
mated acreage  in  this  country  would  produce 
21,000,000,000  tons  of  dried  peat,— equal  to 
the  supply  of  21,000,000  tons  per  annum  for  a 
thousand  years. 


Peat,  when  dug  from  the  bog,  generally  con- 
tains from  50  to  75  per  cent  of  water.  The 
difficulty  of  getting  rid  of  so  much  moisture  has 
caused  a  preference  to  be  given  to  the  uppermost 
]>ortion  of  the  deposit,  which  abounds  most  with 
roots  and  coarse  fibres,  and  parts  most  readily 
with  the  water  not  actually  shut  up  within  those 
fibres.  In  this  condition  it  produces  an  inferior 
fuel,  which  will  not  withstand  a  blast,  and 
makes  an  imperfect  charcoaL  The  abundance 
of  peat  and  the  paucity  of  other  fuel  in  Ireland, 
together  with  the  poverty  and  distress  in  that 
country  in  1840,  led  to  the  origination  of  a  bene- 
volent scheme  for  employing  the  destitute  popula- 
tion in  the  preparation  of  |>eat  for  home  consump- 
tion, and  of  peat  charcoal  for  exjwrtation  to  the 
great  iron-works  in  England  and  Scotland.  A 
large  capital  was  raised,  and  liberal  profits  were 
autici]»uted,  but  never  realized.  Though  wages 
were  very  low,  the  time  and  labour  occupied  in 
cutting  the  turf  and  drying  it  entailed  a  cost  which 
left  no  margiu  for  profit.  It  was  found  that  the 
air-dried  peat,  at  the  end  of  several  months  after 
the  turf  was  cut,  contained  from  25  to  30  per 
cent,  of  moisture,  the  dispelling  of  which  left 
a  comparatively  small  part  of  the  bulk  for  ser- 
viceable ignition.  This  led  to  the  invention  of 
ingenious  machines  for  expelling  the  water  from 
the  ]>eat  by  centrifugal  force,  and  of  consolidat- 
ing the  j>eat  so  dried  by  hydraulic  pressure.  A 
sujHjrior  article  was  thus  produced ;  but  tho 
cost  of  the  machinery,  and  the  power  requisite 
to  work  it,  prevented  the  manufacture  from 
being  remunerative.  Ingenuity  and  skill  were 
also  exercised  in  extracting  valuable  products 
from  peat ;  viz.,  naphtha,  paraffin,  volatile  oil, 
acetate  and  carbonate  of  ammonia,  <fcc.  The 
paraffin  was  converted  into  candles  superior  to 
those  made  of  wax ;  but  here  again  the  appa- 
ratus and  the  processes  were  too  costly  to  be 
profitable. 

To  produce  a  j>erfect  article,  the  coarse  roots 
must  l>e  removed,  and  the  smaller  fibres  must  be 
broken  up;  and  it  is  the  object  of  Mr.  Brunton's 
machine  to  do  so  economically.  Immediately 
the  i>eat  is  dug  from  the  bog,  it  is  thrown 
or  tipped  into  a  hopper,  beneath  which  Ls  a 
strainer  formed  of  perforated  metal,  and  within 
the  strainer  is  an  archimedean  screw.  At  the 
bottom  of  the  strainer  is  a  small  oj»eniug, 
through  which  any  very  coarse,  undecomposed 
roots  and  fibres,  which  will  not  jtass  through  the 
perforations  of  the  strainer,  fall  into  a  waste 
pipe  and  are  rejected,  or  may  be  used  for  any 
purpose  not  requiring  superior  fuel  By  turn- 
ing the  screw  within  the  strainer,  the  small  fibres 
are  cut  up  by  the  sharp  edges  of  the  perforated 
metal,  through  which  they  pass  with  the  decoin- 
jK>sed  part  of  the  peat,  and  with  which  they  thus 
become  assimilated.  A  strainer  of  two  feet  in 
diameter,  with  jHjrforations  of  one-eighth  of  an 
inch  diameter,  and  fifteen  to  the  square  inch, 
contains  about  12,000  holes,  which  are  equal  to 
an  aggregate  aperture  of  a  square  foot ;  a  strainer 
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of  this  size  will  discharge  about  8  tons  of  peat 
per  hour,  or  nearly  100  tons  in  twelve  hours. 
The  decoinjx>sed  |>eat  protrudes  through  every 
hole  in  the  strainer,  and  drops  in  vermicular 
forms  upon  an  endless  bond,  which  delivers  the 
strained  peat  into  one  of  Clayton  «fc  Co.'s  small 
brick-making  macliines,  by  which  it  is  moulded 
into  any  suitable  shape  or  size  that  may  be  pre- 
ferred. Tho  strainer  being  enclosed  in  a  heated 
chamber,  with  an  opening  for  the  escape  of 
steam,  the  moisture  is  rapidly  driven  off  from 
the  wonn-likc  strings  as  they  fall  uj»on  the 
band,  giving  solidity  to  the  moulded  blocks  of 
peat  as  they  pass  through  the  die  of  the  brick 
machine.  By  their  Iwing  then  at  a  high  tcm- 
j>erature  the  subsequent  process  of  drying  is 
expedited.  The  moulded  blocks  of  pent  are  re- 
moved to  a  drying-shed,  through  which  a  current 
of  hot  moist  air  passes ;  and  they  soon,  without 
compression,  become  as  hard  as  oak,  and  more 
dense  than  any  peat  submitted  to  hydraulic 
pressure.  From  four  to  five  tons  of  wet  peat,  as 
taken  from  the  l>og,  are  required  to  make  one  ton 
of  dry  condensed  peat,  the  total  cost  of  which 
is  said  to  be  alsmt  3s.  6d.  ]>er  ton.  Peat  thus  pre- 
pared Is  said  to  burn  very  freely,  to  stand  a  blast, 
to  emit  considerable  beat ,  to  lie  smokeless,  and  to 
produce  less  ash  tlian  the  average  of  coal  or  of 
coke.  It  is  inq>ervious  to  water,  improves  by 
keeping,  and  is  incapable  of  self  ignition.  From 
two-and-a-half  to  three  tons  of  prepared  peat  will 
make  ono  ton  of  excellent  charcoal ;  and  in  con- 
verting the  peat  into  charcoal,  one  cwt  of  peat 
tar  may  be  drawn  from  one  ton  of  peat. 

From  an  analysis  of  some  samples  of  peat 
prepared  by  Mr.  Brunton's  process,  by  Mr.  W. 
T.  Rickard,  it  appears  there  was  but  a  trace  of 
sulphur  to  be  found  in  them,  and  no  phosphorus 
at  all.    The  following  Is  the  analysis  : — 

Moisture    2-00 

Hydrocarbons   67O0 

Coko   30  97 

Sulphur   0*03 

10000 

Of  ash  there  was  2  j*?r  cent.,  consisting  of 
lime,  alumina,  silica,  and  peroxide  of  iron. 

The  sjieeific  gravity  of  ordinary  jn-at  seldom 
surpasses  *800  ;  tliat  of  jsait  subjected  to  hy- 
draulic pressure  is  1  -08  ;  whilst  that  of  the 
coudensed  peat  prejiared  by  Mr.  Brunton's 
process  has  l>een  found  by  Mr.  Versmann  to 
vary  froni  1*15  to  1'50,  and  to  average  1*30. 


CHAPTER  IV. 
DIAMOND-CUTTING  MACHINERY. 

Messrs.  Hunt  Jc  Roskell,  London,  exhibited 
in  ojM?ration  a  machine  for  cutting  and  polishing 
diamonds,  a  ttendedby  Mr.  L.  M.  Auerhaan. 


The  chief  difficulty  in  cutting  diamonds  lies 
in  the  fact  that  diamonds  are  the  hardest 
known  substance.  Diamonds  can  only  be  cut 
by  diamonds.  The  first  step  taken  with  diamouds 
of  ordinary  size  is  to  set  them  in  a  cement  com- 
posed of  three  j>arts  of  lead  to  one  part  of  tin, 
on  the  ends  of  two  pieces  of  wood,  and  rub  them 
together,  when  the  one  diamond  grinds  tho 
other  away  to  something  near  the  form  required. 
The  dust,  which  is  of  considerable  commercial 
value,  is  preserved  for  the  purjKTse  of  polishing 
the  diamonds.  For  polishing,  the  diamond  is 
embedded  in  soft  metal,  and  by  means  of  clamps 
it  is  brought  to  bear  upon  the  skieve  at  the 
proper  angle.  The  skieve  is  a  flat  circular  plate 
of  soft  Swedish  iron,  14  inches  in  diameter,  re- 
volving on  a  spindle  running  in  Hgnum-viUe 
bearings,  and  making  2,400  revolutions  per 
minute,  a  speed  which  is  adapted  for  all  sorts  of 
diamonds.  Too  much  sj>eed  sinks  the  diamond 
in  the  ]>owder.  The  skieve  Is  made  j>erfectly 
flat.  There  is  no  means  of  knowing  before- 
hand how  tho  iron  is  to  turn  out  :  what  suits 
one  workman  may  not  suit  auother.  If  the  iron 
is  too  soft,  the  diamonds  never  acquire  a  brilliant 
surface.  Soft  iron  removes  the  soft  parts  of  the 
diamond  ;  hard  iron  is  best  for  removing  tho 
hard  portions  of  diamonds.  The  soft  parts  of 
the  diamond  are  ground  first,  to  leave  dust  in 
the  skieve  for  the  harder  portions. 

Thus,  the  cutting  and  the  polishing  of  dia- 
monds are  two  distinct  operations.  The  cutting 
is  a  merely  preliminary  process,  to  prepare  and 
assist  for  the  polishing,  and,  as  may  be  supj-osed, 
it  is  always  endeavoured  so  to  treat  the  diamond 
as  to  reduce  it  in  size  as  little  as  (wssible.  The 
diamond  dust  is  mixed  with  sweet  oil,  for 
polishing;  and  every  particle  of  dust  is  found 
under  the  microscojie  to  be  a  perfect  tetrahedron, 
or  four-sided  solid,  having  triangular  faces.  It 
is  necessary,  in  polishing,  to  follow  the  grain  of 
tho  stone,  otherwise  the  stone  is  not  acted  upon, 
but  itself  scratches  the  iron.  The  same  necessity 
does  not  exist  with  the  oriental  stones,  as  rubies, 
emeralds,  and  sapphires,  the  working  in  which 
belongs  to  another  trade,  for  which  brass  skieves 
are  used. 

"  Carbon  of  diamond,"  a  black,  ojuique  sub- 
stance, is  found  in  the  mines  with  the  diamonds, 
and  is  the  best  sulwtitute  for  diamond  powder 
for  polishing  them.  One  workman  can  cut  and 
polish  eight  small  diamonds  j>er  day  of  ten 
hours ;  of  those  there  are  eight  to  the  carat, 
2,400  carats  being  equal  to  1  lb.  troy.  Pre- 
viously to  the  introduction  of  cutting,  one  work- 
man could  polish  only  three  such  diamonds  in  a 
day.  Old  stones,  i>olishcd  without  cutting,  do 
not  possess  the  same  degree  of  lustre  as  tho 
more  modem  ones  ;  as  the  cutting  process  yields 
diamond  powder,  which  is  finer  than  the  "  dia- 
mond boards,"  previously  in  use,  and  therefore 
gives  a  superior  polish.  The  older  stones,  also, 
were  not  polished  quite  flat, —another  reason  for 
their  dulncss.     In  India,  the  natives  chielly 
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care  for  size,  less  for  brilliancy.  Tlie  reduction 
of  material  in  cutting  and  polishing  diamonds 
from  the  rough  state  averages  40  or  42  jter  cent, 
of  the  whole  weight ;  and  the  dealers  are  well 
satisfied  if  they  get  60  per  cent,  of  the  weight 
in  the  finished  stone.  Each  of  the  stones  in  the 
eardrops  of  the  Empress  of  the  French  required 
four  months  to  cut  and  polish  from  the  rough 
state.  They  each  weigh  twenty -five  carats. 
The  Koh-i-noor  was  originally  polished  on  the 
old  system, — hence  the  dulness  of  that  celebrated 
stone  lteforc  it  was  repolished  j  it  was  exhibited 
in  1802,  nnd  its  brilliancy  was  remarkable. 

Rough  diamonds  ore  brought  from  mines  at 
Rio  Janeiro,  Bahia,  Calcutta,  Madras,  and 
Golconda ;  chiefly  from  Rio  Janeiro  and  Bahia. 
The  Bahian  diamonds  are  the  most  recent  and 
the  best.  The  other  mines  are  nearly  exhausted. 

In  Holland,  the  head-quarters  of  the  diamond 
trade,  there  are  three  branches  of  trade, — the 
cutting,  the  polishing,  and  the  splitting.  An 
ex|M'rt  in  one  branch  cannot  work  in  another. 
But  the  Dutch  diamonds  aro  not  endurable  in 
England,  as  the  wages  are  screwed  down,  and 
the  work  is  not  perfect. 


CHAPTER  V. 

MACHINES    FOR   WOKKI.NCS    IN  LEATHER. 

Messrs.  .Stothert  &  Pitt,  Bath,  exhibited  two 
machines  for  working  in  leather  :  we  for  striking 
ami  scrajring  leatlmr  hides,  the  other  for  rolling 


leather.  By  the  first  machine,  on  Pitt  <fe  Cox's 
patent,  the  mechanical  processes  of  rubbing  and 
scraping  hides  aro  performed.  They  comprise 
the  operations  of  depiling,  scudding,  striking, 
smoothing,  slicking,  and  stretching,  which  are 
usually  done  by  hand.  The  hide  is  carried  over 
a  cylinder,  on  which  it  is  presented  by  a  gradual 
progressive  motion  to  the  action  of  a  revolving 
spiral  knife,  in  the  form  of  a  right-and-left- 
handed  screw,  fixed  on  a  revolving  cylinder  just 
over  the  other  cylinder.  The  hide-roller  is 
pressed  towards  the  spiral  roller  by  a  spring ; 
and  as  the  spiral  touches  at  only  two  points  at 
a  time,  traversing  the  hide  from  end  to  end  as 
it  revolves,  every  portion  of  the  hide,  though  of 
varying  thickness,  is  ingeniously  brought  under 
the  direct  action  of  the  knife.  The  hide  is  fed 
or  progressed  under  the  knife  by  means  of  a 
ratchet  motion  (fig.  2G7). 

The  second  machine,  on  Ripley's  patent,  for 
rolling  and  finishing  leather,  is  intended  to 
supersede  the  ordinary  manual  process  of  oj>e rat- 
ing with  a  loaded  box  mounted  on  rollers, 
which  is  urged  backwards  and  forwards  over 
the  surface  of  the  leather  by  hand.  This  reci- 
procating motion  is  effected  by  means  of  a  steam 
cylinder,  of  which  the  piston-rod  is  directly 
connected  to  the  loaded  box  (fig.  268). 

Mr.  W.  D.  Richards,  Boston,  U.S.,  exhibited 
four  machines  for  working  in  leather, — one  for 
leather- splitting,  to  reduce  sole-leather  to  any 
required  thickness,  and  for  making  sides  uni- 
formly thick  ;  another  for  sole-cut  ting,  by  which 
twenty  pairs  of  soles  may  be  cut  per  minute, 
into  any  form,  by  meaus  of  solid  <lies  fitted  to 
the  last,  and  disj>ensing  with  the  use  of  the 
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hand  knife  in  fitting  ;  another  for  cutting  mlrs 
of  any  width  required,  with  one  pair  of  knives, 
at  the  rate  of  sixty  soles  per  minute ;  and  the 
fourth  for  liecl-t  rimming,  capable  of  trimming  in 
a  minute  one  jwiir  of  heels  on  the  shoe,  of  any 
size  and  sba)>e. 


MM.  Chouillon  &  Jaeger,  Paris,  exhibited  ft 
gritulstone  for  thinning  leather,  against  which  the 
leather  to  be  nuule  thin  is  prettied  by  hand,  so 
disjiensing  with  the  thinning-knife. 

M.  Lemercier,  France,  exhibited  a  shoe  lagging 
machine,  in  which  small  screw-pegs  are  used 
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&  Pitt. 


instead  of  plain  pegs.  The  screw  is  cut  on  a 
piece  of  wire,  which  is  then  screwed  into  the 
golf,  and  cut  off  ut  the  8urfrtcc. 

Mr.  C.  Topham,  London,  exhibited  an  elastic 
rotary  cleaner  arul  polu/ter  for  boots  and  shoes, 
in  whieh  a  ]mir  of  elastic  rotary  brushes,  for 
scouring  and  for  polishing,  are  turned  by  means 
of  a  treadle. 

Mr.  J.  Rawlings,  London,  exhibited  a  boot 
ami  sJioe  cleaning  machine,  a  simple  construc- 
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tion  of  boot-tree,  which  is  readily  contracted 
to  receive  a  boot  or  a  shoe,  and  then  expanded  to 
hold  it  firmly  while  being  blacked  or  j>olished. 
It  is  intended  to  be  fixed  to  a  wall  or  post,  so 
enabling  the  cleaner  to  work  with  both  hands, 
and  exj>edite  the  operation.  The  boot  being 
properly  filled  out  upon  the  tree,  receives  a 
l>etter  polish  more  easily,  and  the  inside  is  kept 
cleaner  than  by  the  usual  mode  of  cleaning,  in 
which  the  hand  is  thrust  into  the  boot  There 
are  two  forms  of  this  machine :  one  for  adult 
sizes  with  a  fixed  foot,  the  other  with  a  fastening 
by  means  of  a  slot  and  swivel  pin,  by  which 
various  sizes  of  blocks  may  be  fastened  to  the 
body  of  the  tree  to  receive  different  sizes  of 
boots  or  shoes  for  being  cleaned,  as  well  as  for 
being  treed  (fig.  269). 


CHAPTER  VI. 

MACHINES  FOR  WORKING   IN  TOBACCO,  AND  FOR 
PIPES. 

M.  Voigtlander,  Schladen,  Hanover,  exhibited 
a  tobacco-spinning  machine.  A  horizontal  flyer 
receives  the  tobacco  to  be  spun,  from  the  table, 
through  one  of  its  bearings,  which  is  hollow,  to 
the  bobbin,  which  is  suspended  between  the 
wings  of  the  flyer  at  right  angles  to  the  axis  of 
the  flyer.  The  bobbin  is  turned  on  its  axis,  and 
takes  up  the  spun  tobacco,  which  is  guided  to 
the  roller  by  means  of  an  alternate  traversing 
motion  obtained  from  a  double-cut  screw,  right 
and  left  handed.  The  degree  of  twist,  the 
speeds,  and  the  size  of  rope  are  changed  by 
changing  the  pulleys  on  the  flyer  shaft.  The 
tobacco  to  be  spun  is  fed  by  hand. 

M.  Julius  de  Bary,  Offenbach,  exhibited  a 
cigar-viaking  machine.  Cigars  are  compounded 
from  three  kinds  of  tobacco,  known  as  "  filler," 
"bunch-wrapper,"  and  "wrapper."  In  making 
cigars  by  hand,  the  requisite  quantity  of  filler 
is  formed  into  a  "bunch"  by  enclosing  it  in 
the  bunch  wrapper.    The  bunch  is  then  covered 
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with  the  wrapper  laid  on  spirally.  The  object 
of  the  machine  ia  to  make  the  bunches,  which 
are  afterwards  covered  and  finished  by  hand. 
The  filler  tobacco  is  conducted  by  an  endless 
band  on  pressure  rollers  to  a  knife  which  acts 
vertically,  and  at  each  revolution  cuts  off  the 
proper  measure  of  filler  tobacco.  From  the 
other  end  of  the  machine,  the  bunch  wrappers 
are  fed  in  on  an  india-rubber  band.  By  a  suitable 
mechanical  adjustment,  of  considerable  nicety, 
each  measure  of  filler  tobacco  is  caught  by  an 
india-rubber  band  stretched  on  a  segment  of  a 
circle,  and  simultaneously  the  bunch  wrapper 
arrives  and  is  rolled  over  the  filler  tobacco  upon 
the  circular  segment  by  a  reciprocating  motiou 
imparted  to  the  segment.  The  rolling  being 
completed,  the  bunches  are  delivered  upon  an 
endless  chain,  from  which  they  are  removed  by 
an  attendant.  To  facilitate  the  operation,  by 
stiffening  the  bunches,  they  are  wrapped  in  paper 
by  the  machine,  the  paper  being  removed  before 
covering  the  bunch. 

By  the  use  of  this  machine,  a  saving  is  said  to  be 
made  of  two-thirds  in  wages  for  attendance  ;  and 
there  is  a  saving  in  tobacco  also.  The  defects 
of  cigars  made  by  means  of  previous  bunch- 
making  machines,  consisted  in  tho  irregular 
draught  and  combustion  through  the  cigars, 
owing  to  their  unequal  consistence.  The  new 
machine  produces  from  12,000  to  15,000  good 
bunches  per  day. 

Mr.  J.  G.  Reynolds,  London,  exhibited  appa- 
ratus for  manufacturing  tobacco-pipes.  The  manu- 
facture of  tobacco-pipes  is  said  by  Mr.  Reynolds 
to  consume  nearly  40,000  tons  of  clay  per  annum, 
of  which  1 2,000  tons  are  consumed  in  the  United 
Kingdom.  It  is  supplied  chiefly  from  Devon- 
shire. Pipe  clay  is  the  result  of  the  disintegra- 
tion of  granite,  which  is  chemically  a  compound 
of  alumina,  silicic  acid,  and  mica,  and  these 
three  together  constitute  the  earthy  mass.  The 
process  was  shown  in  action.  A  rough  resem- 
blance of  a  pipe  having  been  formed  of  the  clay, 
the  stem  has  to  be  pierced  ;  and  it  is  here  that 
all  attempts  to  introduce  machinery  have  failed, 
as  the  process  depends  solely  on  the  touch.  The 
end  of  the  stein  Ls  held  lightly  l>etween  the  fore- 
finger and  thumb,  and  a  wire  having  a  small 
button  at  the  end  is  pushed  gently  in,  and  is 
guided  by  the  sense  of  touch  outside.  The  stem 
having  been  pierced,  the  pipe  is  placed  in  an 
iron  mould,  slightly  greased,  and  the  bowl  is 
hollowed  out  by  an  iron  pin  forced  in  with  a 
lever.  Mr.  Reynolds  prejwires  tho  clay  so  as  to 
make  pipes  surpassing  meerschaum  in  whiteness, 
and  purer  aud  lighter  than  clay  pipes  hitherto 
produced. 


CHAPTER  VII. 

SUNDRY  MACHINES. 

Mr.  M.  Lyons,  Birmingham,  exhibited  a  mag- 
neto-plating ami  gilding  apparatus,   with  new 


and  cheaper  solutions.  He  employs  a  horse- 
shoe magnet,  having  sixteen  plates  formed  of 
bars  2 1  inches  wide  and  4\  inches  combined 
thickness,  2  feet  long  from  the  inside  of  the 
bend.  This  has  been  found  by  Mr.  Lyons  to  be 
the  most  efficient  size  of  magnet  for  the  purpose. 
If  the  number  of  plates  be  increased,  the  increase 
of  power  is  not  in  proportion ;  and  if  more 
power  be  wanted,  it  is  better  to  put  down  two 
or  more  such  machines  side  by  side,  and  throw 
the  two  currents  from  them  into  one.  Four  pieces 
of  soft  iron  are  fixed  upon  a  disc,  and  caused  tit 
revolve  in  front  of,  and  just  clear  of,  the  ends  of 
the  magnet ;  they  are  covered  each  with  a  coil 
of  80  feet  of  wire ;  and  by  means  of  a  break- 
wheel,  positive  and  negative  currents  are  pro- 
duced, with  four  changes  of  current  in  each 
revolution.  The  positive  pole  gives  a  wire  to 
the  bath,  and  carries  the  piece  of  silver  or 
gold  as  material  for  plating.  The  wire  from 
the  negative  pole  is  connected  to  the  object  to  be 
plated.  The  magnets,  it  is  stated,  have  not  varied 
in  strength  for  eighteen  years.  Mr.  Lyons  employs 
a  cheap  solution  at  2s.  6d.  per  gallon,  said  to  be 
equally  effective  with  the  cyanogen  solution  at 
10s.  per  gallon. 

Magneto-electricity  was  first  applied  to  electro- 
plating by  Mr.  Woolrycb,  who,  indeed,  made 
the  first  application  of  that  power  to  any  useful 
purpose.  Magneto-electricity  is  a  constant  force  ; 
whilst  the  power  of  galvanic  batteries  varies. 

Messrs.  W.  Warne  ik  Co.,  London,  exhibited, 
in  operation,  their  "  consolidated  emery-wheel*," 
forgrindingand  polishing  metals;  they  are  8  inches 
in  diameter,  and  1  inch  thick,  and  are  mounted 
on  spindles  in  the  manner  of  ordinary  grinding- 
wheels,  and  should  be  moved  at  a  circumferen- 
tial sj>eed  of  6,000  feet  per  minute.  The  matrix 
employed  for  holding  the  emery  is  mineralized 
india-rubber.  Another  emery  wheel  was  exhi- 
bited, composed  of  oxidized  oil  and  emery,  which 
also  answered  the  purpose.  These  wheels  are 
useful  for  removing  the  scale  from  forged  or 
rolled  iron,  or  cast  iron,  or  steel,  and  are 
capable  of  cutting  through  steel  bars. 

M.  C.  Gustafson,  Sweden,  exhibited  a  nail- 
making  machine,  otherwise  called  a  nail-rolling 
machine.  This  machine  rolls,  jwints,  cuts,  and 
heads  the  nails,  and  delivers  them  in  one  con- 
tinuous process.  One  machine,  with  one  atten- 
dant, is  said  to  lie  cajmble  of  forming  12,000 
4-inch  nails,  or  18,000  2]  inch  nails,  in  twelve 
hours,  from  small  square  bar-iron.  The  iron  U 
heated  only  to  a  low  heat,  and  is  pushed  in  and 
withdrawn  by  hand,  for  successive  rolling,  and 
so  as  to  make  the  nail  square.  Nails  may  also 
be  made  with  fluted  sides. 

A  horseshoe  nail-making  machine  was  ex- 
hibited in  the  American  department,  having  a 
vibrating  anvil  with  a  double  alternating  ham- 
mer, for  striking  alternately  the  side  and  edge 
of  the  nail.  Four  or  five  blows  are  required  to 
form  a  nail. 

M.  J.  E.  Leonhardt,  Berlin,  exhibited  a 
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macliine  for  casting  bullets  for  Minie"  rifle-guns. 
It  is  provided  with  a  small  furnace  to  melt  the 
metal ;  six  bullet-moulds  are  carried  in  a  re- 
volving frame,  and,  being  in  two  halves,  they 
are  opened  gradually  by  a  circular  inclined  plane 
which  acta  on  and  pushes  up  a  pin.  The  moulds 
clear  the  inclined  plane,  and  are  suddenly  closed 
by  springs  just  before  they  arrive  in  front  of  the 
tap  from  the  furnace  to  receive  the  melted  metal. 
Just  before  the  mould  closes,  when  it  is  most 
widely  opened,  the  bullet  previously  cast  in  it 
drops  into  a  spout.  It  is  stated  that  the 
machine  is  capable  of  turning  out  from  1,800 
to  3,000  bullet*  per  hour,  with  the  attendance 
of  two  men,  and  that  it  consumes  half  a  ton  of 
coal  \wr  day. 

Mr.  B.  S.  Cohen,  London,  exhibited  his  process 
of  manufacturing   lead-pencils,  in  which  the 


powder  and  fragments  of  the  Borrowdale  lead, 
from  the  Cumberland  mines,  after  being  pul- 
verized and  consolidated,  are  brought  to  a 
uniform  consistency,  and  so  formed  into  slips  of 
unbroken  length  for  insertion  in  the  cedar. 
Good  and  serviceable  pencils  are  thus  produced. 

Messrs.  Morgan  <fc  Co.,  Paisley,  exhibited  a 
machine  for  making  shawl-pattern  printing- 
blocks,  in  which  a  hard  printing  surface  is  pro- 
duced by  the  insertion  of  brass-wire  pins  into  a 
prepared  block  of  wood, — the  effect  of  flowing 
lines  being  more  or  less  perfectly  produced,  ac- 
cording to  the  fineness  of  the  wire  employed. 
The  finest  patterns  have  been  executed  by  using 
wires  l-64th  of  an  inch  in  diameter. 

Mr.  J.  "Wright,  Kirkcaldy,  exhibited  an  in- 
genious mould -making  macliine  for  producing 
printing  surfaces.    Moulds  are  produced,  in  the 
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first  place,  by  the  action  of  finely-pointed  tools, 
heated  by  a  gas  flame,  which  are  made  to  burn 
into  and  char  the  surface  of  wooden  blocks. 
Type-metal  casts  of  the  burnt-in  pattern  so  ob- 
tained form  tho  printing  blocks.  Two  varieties 
of  this  machine  were  exhibited, — one  producing 
a  single  impression,  and  the  other  capable  of 
forming  patterns  on  tho  upper  and  under  sur- 
faces of  the  wood  blocks,  by  the  simultaneous 
action  of  two  heated  points  worked  by  one 
heddle. 

Messrs.  W.  Nightingale  <fc  Co.,  London,  ex- 
hibited a  horsehair  curling  machine.  It  is 
simple  and  effective :  the  curl,  when  given, 
being  fixed  by  means  of  heat.    The  machine  is 


an  improvement  on  the  mode  of  curling  horse- 
hair by  hand,  in  which  a  thick  roving  is  spun 
of  greater  or  less  length,  and  then  is  further 
spun  at  a  greater  speed,  to  give  the  thread 
the  form  of  a  spiral  roj>e.  The  curl  impressed 
tipon  the  hair  in  this  way  is  fixed  by  heat,  and 
the  hair,  being  opened  out,  forms  the  elastic 
stuffing  of  chairs,  sofas,  mattresses,  &c.  The 
novelty  in  the  machine  consists  in  the  process 
by  which  the  operations  of  spinning  the  thread, 
and  further  twisting  it  into  a  spiral  form, 
are  simultaneous,  whereas  in  hand  -  spinning 
they  are  separate  and  successive.  A  thread 
alwuit  i}-inch  in  diameter  is  formed  by  means  of 
the  revolving  spindle  round  which  it  is  parsed, 
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and  the  additional  twist,  forming  the  spiral  rope, 
is  given  by  tho  flyer.  I  n  the  prej>aratory  stages 
the  hair  is  formed  into  a  sliver,  as  with  hemp, 
by  a  spreader  or  carder  ;  and  is  afterwards,  if 
necessary,  drawn  to  equalize  the  slivers.  The 
bobbins  are  driven  by  coned  pulleys.  The  frame 
contains  only  two  spindles,  and  each  spindle 
curls  al)out  2  cwt.  per  day  of  ten  hours. 

Sir.  C.  Eastwood,  Leeds,  exhibited  a  machine 
for  cutting  and  measuring  base  fibres,  and 
other  substances,  as  drafts,  kitool,  whalebone 
whisks ;  in  which  a  reciprocating  knife,  hinged 
at  one  end,  is  worked  up  and  down  against  a 
fixed  knife,  by  which  the  fibres  are  cut  to 
lengths  measured  against  a  fixed  gauge-plate. 

Mr.  W.  S.  Yates,  Leeds,  exhibited  a  Bristle- 
assorting  MacJiine.  The  process  of  assorting 
bristles — which  are  to  be  found  in  commerce  in 
mixed  lengths, — into  different  lengths  by  hand,  is 
tedious  and  im|>erfect.  This  machine  is  designed 
to  supersede  the  hand  labour;  tho  bristles  are 
placed  in  holders,  twenty  in  number,  and  forming 
an  endless  chain,  or  double  row,  which  is 
traversed  by  means  of  an  intermittent  motion, 
through  the  sjmce  of  one  bristle  at  a  time. 
The  holders  may  be  described  as  wire  brushes, 
and  are  placed  in  front  of  the  machine.  There 


are  ten  pairs  of  nippers  mounted  in  a  rocking 
frame,  one  opposite  each  holder,  and  ranged 
side  by  side.  After  one  or  more  reciprocations 
of  the  nipper  frame,  the  holders  are  advanced 
one  stage,  so  that  each  holder  full  of  bristles  is 
brought  in  front  of  successive  nippers,  which  are 
so  ranged  as  to  be  advanced  successively  \  inch 
nearer  to  the  holder ;  and  as  the  nippers  open 
and  close  each  time  upon  the  longest  bristles, 
they  draw  out  and  carry  them  back  from  the 
holders,  and  deposit  them  upon  inclined  spouts 
into  receptacles  below.  Thus  tho  bristles  are 
assorted  into  lengths  differing  successively  by 
}  inch.  The  machine,  fed  by  two  boys,  efficiently 
performs  as  much  work  as  could  be  done  by 
eight  men  by  the  old  process  (fig.  270,  page  295). 

Messrs.  O.  Zanni  &  Co.,  London,  exhibited  a 
self-basting  meat  screen,  which  found  its  way 
into  the  machinery  department.  A  jack  or  clock  - 
work movement  is  fixed  upon  the  top  of  the 
screen,  by  means  of  which  the  meat  is  turned, 
and  at  the  same  time  a  continual  supply  of  drij>- 
ping  is  kept  falling  upon  it,  by  means  of  an  endless 
el  iniii  with  buckets  to  lift  the  dripping  from  the 
pan  below  to  a  gutter  above,  from  which  it  is 
discharged  upon  the  meat  through  a  number  of 
I  small  holes. 
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SECTION  I. 

STATIONARY  AND  PORTABLE  STEAM-ENGINES  AND  BOILERS. 


CHAPTER  1. 

INTRODUCTORY  REMARKS. 

AMONGST  thcgreat  numl>erof  steam  engines 
exhibited,  in  the  Western  Annex  alone. 
— alxmt  seventy-five  in  number,  of  which  there 
were  about  sixty  stationary  engines,  tasides  tlie 
display  of  engines  in  the  Agricultural  depart- 
ment,— the  horizontal  was  the  prevailing  tyj>e 
of  engine.  The  horizontal  arrangement  is  ob- 
viously the  simplest,  the  most  compact,  and  the 
steadiest,  other  circumstances  being  alike  ;  and, 
with  compactness,  it  combines  facilities  for 
ready  and  minute  sujiervision,  and  for  general 
attendance  and  maintenance.  The  advantages 
of  the  horizontal  system  are  so  well  understood, 
and  the  Exhibition  showed  that  they  were  so 
generally  acknowledged,  that  it  is  unnecessary 
now  to  say  more  for  the  system  than  to  intimate 
the  fact. 

Of  the  exceptions  to  the  horizontal  arrange- 
ment, the  mast  conspicuous  were  the  beam- 
engines  in  the  English  section,  constructed  to 
work  the  sugar-mills.  These  magnificent  sj>eci- 
mens  of  workmanship  have  already  Iteen  noticed 
in  connection  with  the  mills :  and  whilst  it  niav 
perhaps  l>e  assumed  that  there  is  no  decided  ad- 
vantage  in  the  six-column  beam-engine,  for  the 
performance  of  real  work,  over  the  horizontal 
engine — which  is  minus  the  beam, — it  uncpies- 
tionably  commands  the  preference,  in  its  sujHjrior 
presence  and  its  graceful  movement*, 

Whilst,  in  a  very  few  instances,  English  con- 
structors showed  a  desire  to  improve  the  econo- 
mical performance  of  the  steam-engine,  their 
engines  in  genend  testified  to  a  feeling  of  ab- 
solute indifference  to  economy  of  steam  or  fuel, 
and  probably,  in  some  instances,  to  ignorance 
of  the  conditions  on  which  economical  working 
is  to  l>e  established.  In  one  conspicuous  instance, 
-  -a  jKiir  of  high-s|)eed  horizontal  engines,  exhi- 
bited by  Messrs.  (Jwynne  &  Co., — the  valves  hail 
been  set  without  any  lead,  and  the  steam  was 


admitted  up  to  the  end  of  the  .stroke  of  the 
piston.  The  consequence  was,  that  an  enormous 
I  wick -pressure — amounting  to  40  per  cent,  of  the 
whole  positive  pressure — was  exerted  against 
the  piston,  by  reason  of  the  difficulty  of  escape 
for  the  exhaust  steam.  The  valves  were,  during 
the  Exhibition,  slightly  readjusted,  when  the 
loss  by  back-pressure  was  reduced  to  from  25  to 
30  i>er  cent., — still  an  excessive  resistance.  In 
another  instance,  tliat  of  Messrs.  Burgh  «k  Cowan's 
trunk-engine,  the  back-pressure  amounted  to  70 
per  cent. — nearly  three-fourths— of  the  whole 
jxwitive  pressure. 

The  manifest  concern  of  the  foreign  exhi- 
bitors to  construct  their  steam-engines  on  eco- 
nomical principles,  was,  on  the  contrary,  remark- 
able ;  and  it  Is  probably  sufficiently  accounted 
for  by  the  costliness  of  fuel  abroad.  At  home, 
nevertheless,  they  are  sounding  the  alarm  over 
our  diminishing  coal-beds;  the  key-note  has 
lieen  struck  by  Sir  William  Armstrong  at 
Newcastle ;  and  though  eminent  colliery-owners, 
as  Mr.  Nicholas  WTood,  do  not  apparently 
sympathize  with  Sir  William,  pointing  with 
confidence  to  the  vast  unexhausted  seams  ex- 
tending under  the  ocean,  tho  alarm,  well 
sounded,  may  do  good,  and  cannot  possibly  do 
any  harm.  Of  the  two-and-thirty  stationary 
engines  exhibited  in  the  English  section,  not 
more  than  half  a  dozen  had  clothing  on  their 
cylinders,  and  the  most  of  these,  remarkably 
enough,  were  clothed  by  the  agricultural  en- 
gineers. Nor  is  it  too  much  to  say  that,  taken 
generally,  the  engines  exhibited  by  the  agricul- 
tural constructors  were  tatter  designed  and  de- 
tailed, and  more  thoroughly  constructed,  than 
those  of  most  other  engineers. 

As  the  economizing  of  fuel  in  tho  working  of 
steam-engines  is  likely  to  command  greater  atten- 
tion than  heretofore,  it  may  be  useful  to  consider, 
with  the  aid  of  the  indicator,  the  behaviour  of 
steam  in  the  cylinder  of  an  engine,  with  tho 
conditions  on  which  economy  of  steam  is  to  be 
effected.    Its  action  is  fundamentally  the  same 
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with  condensing  as  with  non-condensing  engines, 
the  difference  being  chiefly  in  degree.  The 
receptacle  into  which  the  steam  from  the 
cylinder  is  discharged  is,  in  one  case,  the  arti- 
ficial atmosphere  of  the  condenser,  which  exerts 
an  absolute  pressure  of  1  lb.  per  square  inch, 
less  or  more  ;  in  the  other  case,  the  natural 
atmosphere,  having  a  higher  absolute  pressure 
of  1471b.,  or,  in  round  numbers,  151b.  per 
square  inch.  The  action  of  steam  is  develojied 
in  its  most  simple  form  in  the  non-condensing 
engine,  in  which  the  question  of  the  vacuum  has 
no  part ;  and  the  Author  will,  therefore,  proceed 
with  a  summary  of  his  experimental  investiga- 
tions of  the  behaviour  and  condition  of  steam  in 
non-condensing  engines,  chiefly  of  the  loconio- 
class,  first  published  by  him  in  1 85 1 ,  in  "  Railway 
Machinery,"  and  subsequently  in  the  article 
"Steam -Engine"  in  the  last  edition  of  the 
"  Encyclopaedia  Britannica."  Since  the  first 
publication  of  these  investigations,  comprising 
an  experimental  demonstration  by  the  Author, 
of  the  great  km  by  condensation  of  steam  in  the 
cylinder  when  attempted  to  Ihj  worked  expun- 
sively, — then  demonstrated,  he  ladieves,  for  the 
first  time, — the  subject  has  lieen  frequently  re- 
vived. The  Author's  conclusions  have  Wen 
variously  confirmed,  and  the  necessity  for  the 
■team -jacket,  or  equivalent  means  of  maintaining 
the  exjMinding  steam  at  a  suitable  temperature, 
is  now  generally  accepted. 


CHAPTER  II. 

THE  INDICATOR-DIAGRAM — THE  GENERAL 
BEIIAVIOTK    OK    STEAM    IN    TUB  CYLINDER. 

In  illustration  of  the  function  and  utility  of 
the  indicator,  by  means  of  which  most  of  the 
Author's  observations  were  conducted,  examples 
of  indicator-diagrams,  obtained  by  him  from  one 
of  the  cylinders  of  a  locomotive,  are  illustrated 
in  fig.  271.  The  base-line  ab  is  the  line  of 
atmospheric  pressure,  and  represents  the  stroke 
of  the  piston ;  and  the  rectaugular  s|»ace  altove 
it  may  be  supposed  to  be  the  interior  of  the 
cylinder.  The  heavily-lined  figure  is  a  diagram 
of  the  indicated  action  of  the  steam,  when  the 
piston  moved  in  tho  cylinder  at  an  average 
slow  speed  of  40  feet  per  minute,  and  shows  by 
its  angularity  how  the  steam  is  controlled  by 
the  valve,  and  the  precise  points  of  the  stroke 
at  which  the  changes  of  the  distribution  take 
place.  The  piston  Is  represented  as  having 
started  from  the  right-haud  end  of  the  cylinder, 
under  a  uniform  pressure  of  61  lb.  steam  above 
the  atmosphere,  traced  from  the  upper  right- 
hand  corner,  till  it  reaches  the  point  of  sup- 
pression. The  admission  being  terminated,  the 
period  of  expansion  is  commenced,  the  pressure 
declines  as  the  piston  advances  before  the  ex- 


j  panding  steam,  and  continues  to  do  so  till  the 
piston  reaches  the  point  of  release.  At  this 
point,  the  piston  enters  on  ita  third  and  last 
stage  of  progress  toward  the  end  of  the  steam- 
stroke;  the  steam,  primarily  admitted  at  61  lb. 
above  the  atmosphere,  and  attenuated  to  23  lb. 
pressure  previously  to  being  released,  quickly 
discharges  itself  into  the  atmosphere,  in  virtue 
of  its  remaining  elasticity,  and  is  entirely  eva- 
cuated before  the  end  of  the  stroke,  as  indicated 
by  the  quick  and  total  decline  of  the  steam-line 
during  the  period  of  exhaust  towards  the  point  B. 
The  evacuation  is,  however,  only  relative,  not 
absolute,  as  steam  of  atmospheric  pressure  re- 
mains in  the  cylinder,  though  not  obviously 
sensible  in  the  indicator-diagram ;  during  the 
return -stroke,  therefore,  the  valve  ought  to 
maintain  the  exhausted  end  of  the  cylinder 
continuously  open,  to  allow  the  steam  of  one 
atmosphere  to  escajw  before  the  returning  piston, 
and  the  benefit  of  this  provision  is  proved  by 
the  diagram,  in  which  it  appears  that  during 
the  continuation  of  the  exhaust  the  steam  of 
latent  pressure  remains  at  the  zero  point  of  the 
scale.  At  tho  instant  of  closing  or  compression, 
however,  when  there  is  no  longer  an  exit  for 
the  latent  steam  before  the  piston,  the  diagram- 
line  slopes  upwards  towards  the  right-hand  side, 
and  the  steam  is  compressed  against  the  end  of 
the  cylinder.  While  the  volume  of  the  com- 
pressed steam  is  being  thus  forcibly  reduced,  the 
density  is  increased,  the  pressure  is  raised,  until 
i  the  accumulation  of  back  pressure  so  induced  is 
'  merged  into  the  superior  pressure  of  the  steam 
I  admitted  by  anticipation  for  the  business  of  the 
next  steam -stroke.  The  point  at  which  this 
irruption  of  pressure  occurs  is  indicated  by  the 
small  compartment  A  in  the  figure,  representing 
the  "  ]>eriod  of  pre-admission,"  instantly  the 
pressure  mounts  to  the  maximum  initial  pressure 
of  61  lb.,  in  readiness  for  the  succeeding  steam- 
stroke. 

The  behaviour  of  the  steam  in  the  cylinder 
may  thus,  with  tho  aid  of  tho  indicator-diagram, 

I  be  clearly  traced  through  tho  cycle  of  changes. 
The  j>eriod  of  admission,  in  the  example  just 
described,  is,  it  appears,  altout  one-third  of  the 

I  whole  stroke ;  that  of  expansion  is  something 
more,  and  a  simple  insjiection  of  the  diagram 
shows  that,  in  this  iustance,  one-half  of  the  work 
of  the  steam  is  j>erformed  by  simple  expansion 
whilo  shut  up  in  the  cylinder.  Even  the  jieriod 
of  exhaust  supplies  its  quota  of  effect,  inasmuch 
as  the  evacuation  is  a  work  of  time,  and  the 
extra  positive  pressure  so  yielded  is  represented 
by  the  small  triangular  space  between  the  point 
of  release  and  the  end  of  the  stroke  The  force 
developed  by  compression  is  properly  designated 
resistance,  as  it  is  opposed  to  the  motion  of  the 
piston,  and  must  1«  classed  with  the  slight 
opposition  also  made  by  the  entering  steam 
during  its  pre-admission  for  the  steam-stroke. 

But  the  important  inquiry  remains  to  be 
urged, —  How  is  the  behaviour  of  the  steam 
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affected  by  the  speed  of  the  piston  1  If  the 
piston  move  slowly,  there  is  plenty  of  time  for 
the  steam  to  go  through  its  mechanical  duties. 
While  the  steam  is  admitted,  it  follows  up  the 
piston  at  full  pressure;  while  the  exhaust  is 
open,  it  thoroughly  evacuates  itself.  But  at 
higher  speeds,  the  time  for  each  evolution  is 
proportionally  shortened  ;  and  it  remains  to  Iks 
considered  in  what  way  this  acceleration  of  work 
is  discharged.  The  dotted -line  diagram  (tig.  271) 

Fio.  271. 


coll;. 


> (conl invert  )  

-Return  Strokc- 
 > 

IXDlciTOi-DuoBix*.  (DrOnitioiu.) 

illustrates  the  behaviour  of  the  steam  in  the 
same  cylinder,  under  the  altered  circumstance 
of  a  higher  speed  of  piston,  averaging  310  feet 
per  minute,  other  circumstances  being  the  same. 
The  steam  enters  at  an  initial  pressure  of  G2  lb. 
per  square  inch,  but  suffers  a  slight  reduction 
of  pressure  as  the  piston  recedes  before  it, — a 
circumstance  which  may  at  once  be  attributed 
to  the  accelerating  speed  of  the  piston  in  the 
cylinder  specifically  due  to  the  nature  of  the 
crank-motion,  and  the  consequently  greater  diffi- 
culty of  following  it.  The  difficulty,  however, 
is  not  considerable,  and  it  is  only  when  the 
piston  nears  the  point  of  suppression,  and  the 
port  is  nearly  closed  by  the  valve,  that  the 
pressure  rapidly  falls  in  the  diagram  towards 
the  suppression -line.  This  is  a  case  of  simple 
wire-drawing,  as  the  ojwning  of  the  port,  pre- 
viously wide  enough  to  admit  all  the  steam  that 
could  find  its  way  into  the  cylinder,  against  the 
frictional  resistance  and  bends  of  the  passage,  is 
now  reduced  to  the  minimum  width  consistent 
with  this  condition,  and  a  further  contraction 
and  final  closing  necessarily  occasions  an  acce- 
lerated fall  of  the  pressure.  The  pressure  at  the 
instant  of  suppression  or  cut-off,  under  these 
circumstances,  is  54  lb.  above  the  atmosphere. 
The  curve  descends  during  the  period  of  expan- 
sion, and  cuts  the  line  of  release  at  a  pressure  of 
19  lb.,  and  on  reaching  the  end  of  the  stroke,  it 
attains  a  minimum  of  2  lb.  of  pressure.  The  curve 
of  expansion,  it  appears,  runs  into  those  of  the 
admission  and  the  exhaust,  without  any  of  the 
abruptness  which  distinguishes  the  slow  diagram ; 
the  fact  being  that,  before  the  steam  was  nomi- 
nally cut  off,  expansion,  technically  so  called, 


had  begun, — a  result  implied  in  wire-drawing ; 
and  there  was,  therefore,  not  the  same  liability 
to  sudden  change  of  pressure  on  entering  the 
period  of  simple  expansion.    At  the  termina- 
tion of  the  period  of  expansion,  the  curve  crosses 
the  exhaust  line  nearly  at  right  angles,  and 
barely  reaches  the  minimum  pressure  at  the 
termination  of  the  stroke.     The  comparative 
delay  so  evinced  in  the  accomplishment  of  the 
exhaust,  is  plainly  a  consequence  of  the  shorter 
time  allowed  for  this  purpose  by  the 
greater  speed  of  the  piston  ;  and,  accor- 
dingly, one  perceives  a  material  accession 
to  the  area  of  the  diagram,  or  the  useful 
effect  of  the  steam,  in  the  very  circum- 
stance that  it  exhausts  less  freely.  On 
the  other  hand,  a  drawback  on  this  addi- 
tional effect  exists  in  the  sustained  back- 
pressure of  2  lb.  per  square  inch,  as  indi- 
cated during  the  return-stroke,  refcrablo 
to  the  same  cause, — imperfect  exhaustion. 
The  exhaust-line  runs  in  to  the  compression- 
line  with  a  slight  bend  ;  and  it  is  olwerv- 
able,  that  before  the  pre-admission  takes 
place,  the  compressed  steam  attains  to  a 
higher  pressure  than  that  found  by  the  slow 
diagram, — a  circumstance  to  be  explained 
by  the  condensation  of  steam  in  the  cylin- 
der at  the  low  speed.    But,  though  the  curve  of 
high  sjieed  is  in  advance  of  that  of  the  low  speed 
at  the  instant  of  admission  of  fresh  steam,  it  falls 
behind  at  the  commencement  of  the  stroke.  At 
this  point  the  pressure  does  not  get  l>eyond  51  lb. 
above  the  atmosphere,  and  only  attains  tho 
maximum,  62  lb.,  when  the  piston  has  described 
half  an  inch  of  the  steam-stroke.  This  deficiency 
is  attributable  chiefly  to  the  shortness  of  time 
allowed  for  the  re-establishment  of  the  working 
pressure,  and  indicates  the  need  for  more  lead 
of  the  valve. 


CHAPTER  III. 

THE  BEHAVIOUR  OP  STEAM  IN  TnE  CYLINDER 
DURINQ  ADMISSION. 

In  tho  flow  of  steam  from  tho  boiler  to  the 
cylinder,  it  meets  with  hindrances  to  its  passago 
which  usually  operate  to  cause  a  considerable  re- 
duction of  pressure  when  it  reaches  the  cylinder, 
even  if  all  the  passages  lie  thrown  wide  open. 
The  actual  charge  of  steam  transmitted  through 
an  irregular  passage  of  considerable  length,  and 
of  a  given  sectional  area,  is,  in  all  cases,  less  than 
what  can  be  passed  through  an  aperture  of  a 
very  short  length,  as  in  a  thin  plate  of  the  same 
sectional  area,  owing  to  the  bends  and  lateral  fric- 
tion of  the  long  passage.  It  therefore  frequently 
happens  that  the  oj>ening  of  the  port  allowed  by 
the  valve,  though  it  may  bo  much  less  than  the 
I  total  area  of  the  port,  is  sufficiently  large  to 
pass  all  the  steam  that  can  force  its  way  along 
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the  passage.  This  fact  is  constantly  exemplified 
in  practice ;  it  is  known  that  opening  the  port 
beyond  a  certain  amount,  in  all  cases  less  than 
the  area  of  the  port  itself,  ceases  to  be  advanta- 
geous in  facilitating  the  passage  of  the  steam  into 
the  cylinder.  Similarly,  the  opening  of  the 
regulator,  or  "  throttle-valve,"  beyond  a  small 
fraction  of  the  sectional  area  of  the  steain-pii>e, 
does  not  add  to  the  available  pressure  at  the 
valve-chest.  When  the  steam  is  not  dry, — 
containing  water  in  suspension, — the  labour  of 
moving  in  passages  is  greatly  increased,  owing 
to  the  quantity  of  dead,  inelastic  weight  to  be 
dragged  along,  and  the  reduction  of  pressure  is 
consequently  much  more  than  with  dry  steam. 

Directing  attention,  for  the  present,  to  the 
behaviour  of  steam  within  the  cylinder,  it  is  to 
be  premised  that,  notwithstanding  the  objec- 
tion that  has  been  urged  against  the  ordinary 
slide-valve,  worked  by  an  excentric-motion — the 
want  of  sufficient  celerity  of  action, — there  is  no 
material  wiredrawing  of  steam  by  the  closing 
valve  when  the  period  of  admission  exceeds 
two-thirds  of  the  stroke,  unless  at  very  high 
speeds  of  piston,  exceeding  500  to  600  feet  per 
minute.  When  the  steam  is  cut  off  at  shorter 
periods,  however,  the  travel  of  the  valve  being 
leas,  and  therefore,  also,  its  velocity  of  motion, 
the  wire -drawing  increases  at  high  speeds, 
though  at  low  speeds  it  does  not.  For  ex- 
ample, the  indicator-diagrams  (figs.  272)  were 

Fios.  272. 


the  third  case,  with  the  shortest  admission,  the 
steam-line  was  practically  straight  and  jtarallel 
to  the  atmospheric  line,  at  s]>eeds  of  piston  up 
to  450  feet  per  minute.  In  inferiorly  arranged 
engines,  with  short  lap  and  short  travel  of  valve, 
wiredrawing  is  considerably  greater  than  in  the 
example  just  illustrated.  With  the  same  sizes 
of  cylinders,  a  f -inch  lap  wiredraws  consider- 
ably more  than  1  inch  lap  of  value. 

Long  lap,  in  conjunction  with  wide  ports, 
reduces  the  wiredrawing  to  a  minimum.  The 
more  dry  the  steam  is,  the  more  susceptible  it 
is  of  apparent  wiredrawing,  as  indicated  in  the 
cylinder,  because  dry  steam  enters  the  cylinder 
more  freely  than  wet  steam,  and  attains  a  higher 
initial  pressure. 

As  to  the  quantity  of  lead  of  the  valve  need- 
fid  to  ensure  ample  and  timely  admission  of 
steam  into  the  cylinder  at  the  commencement  of 
the  stroke,  one-fifth  of  the  length  of  the  steam 
port  is  sufficient.  When  the  lead  is  excessive, 
the  steam  is  admitted  so  readily  as  to  l»e  mo- 
mentarily compressed,  and  to  cause,  in  some 
cases,  an  unfavourable  pulsatory  action  of  the 
steam.  The  total  absence  of  lead  likewise 
occasions  an  unsteady  pulsatory  action  in  the 
cylinder.  If  lead  is  deficient  or  wanting,  the 
maximum  pressure  of  steam  in  the  cylinder  is 
not  attained  until  after  a  portion  of  the  stroke 
is  traversed  by  the  piston. 


taken  from  a  locomotive -cylinder  18  inches 
diameter,  24  inches  stroke  ;  steam  j>orts,  13  by 
2  inches;  exhaust-port,  13  by  3^  inches;  lap 
of  valve  outside,  1 J  inch  ;  inside,  -jLinclu  Each 
figure  shows  three  diagrams  for  periods  of  ad- 
mission, respectively  16,  114,  and  7  inches  of 
the  stroke,  the  terminations  of  which,  and  of 
the  expansions,  are  pointed  off  on  the  figures. 
For  the  first  figure,  the  speed  of  piston  was  240 
feet  per  minute ;  for  the  second,  770  feet  per 
minute.  The  wiredrawing  at  the  lower  speed 
was  obviously  nothing  ;  at  the  higher  sjieed,  the 
pressure  fell  31b.,  12  lb.,  and  251b.  below  the 
initial  pressure  before  the  steam  was  cut  off. 
This  shows  that  the  wiredrawing  increased  very 
much  in  proportion  as  the  steam  was  cut  off 
earlier, — doubtless  explained  by  the  fact  that, 
in  the  three  cases,  the  travel  of  the  valves  was 
respectively  4 J,  3-}  J,  3^  inches  ;  and  the  maxi- 
mum opening  of  the  port  was  1^,-,  }  >  nearly, 
and  4  inch,    It  was  found,  however,  that,  in 


CHAPTER  IV. 

THE  BEHAVIOUR  OF  STEAM  IN  THE  CYLINDER 
DUR1NO  EXPANSION. 

When  steam  is  admitted  into  the  cylinder, 
while  the  latter  is  comparatively  cold,  or 
colder  than  the  steam,  a  very  sensible  con- 
densation of  the  steam  takes  place  during 
admission,  in  the  process  of  heating  the  cylinder 
to  the  temperature  of  the  steam,  which  con- 
tinues to  a  certain  extent  during  the  period  of 
expansion.  A  portion  of  this  heat,  though  but  a 
small  jMirt,  j»asses  off  and  Ls  lost ;  the  remainder 
is  retained  by  the  cylinder  until  it  is  re-absortied 
by  the  precipitated  steam  during  the  ex]>ansi<>u 
of  the  remaining  steam,  if  it  be  long  enough  con- 
tinued ;  that  is,  until  the  temperature  of  the  latter 
falls  below  that  of  the  cyliuder.  This  is  a  de- 
structive process,  occasioning  an  aWlute  lou  of 
steam  ;  and  the  amount  of  steam  thus  injuriously 
precipitated,  and  but  partially  revived,  increases 
rapidly  in  proportion  as  the  steam  is  earlier  cut 
oft'  and  expansion  is  extended.  In  the  cylinders 
of  ordinary  steam-engines,  tho  extra  consump- 
tion and  waste  of  steam  devoted  to  the  heating 
of  the  cylinder  in  the  first  part  of  the  stroke  Ls 
above  1 2  per  cent,  of  the  whole  steam  consumed, 
for  a  period  of  admission  of  one-third  of  the 
stroke.    In  exposed  locomotive  cyliuders,  the 
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loss  is  proved  to  amount  to  nearly  40  \kt  cent, 
of  the  whole  steam  consumed,  when  cut  off  at 
one-eighth  of  the  stroke. 

This  important  species  of  loss  is  inseparable 
from  the  attempt  to  work  steam  expansively, 
where  there  is  no  provision  for  the  heating  of 
the  cylinder,  and  maintaining  it  at  a  suitably 
high  tenq>erature, — equal,  at  least,  to  the  initial 
temperature  of  the  steam  The  magnitude  of 
the  loss  is  so  great  as  to  defeat  all  such  attempts 
at  economy  of  fuel  and  steam  by  expansive 
•working,  and  it  affords  a  sufficient  explanation 
of  the  fact,  in  engineering  practice,  that  exjMiu- 
sive  working  has  been  found  to  be  expensive 
working,  and  that,  in  many  cases,  an  absolutely 
greater  quantity  of  fuel  has  been  consumed  in 
extended  expansive-working,  while  less  power 
has  been  actually  developed. 

With  respect  to  the  ratio  of  pressure  to  ex- 
pansion of  steam  in  cylinders,  observed  in  ordi- 
nary practice,  it  may  be  sufficient  to  remark  in 
this  place,  that  the  quantity  or  weight  of  steam 
in  the  cylinder  is  the  same  throughout  the  pro- 
cess of  expansion,  estimated  in  terms  of  the 
pressure  and  the  volume  of  steam,  as  saturated 
at  different  ]*>ints  of  the  stroke,  when  the  steam 
is  dry,  and  the  temperature  of  the  cylinder  is 
properly  maintained  ;  and  that,  consequently, 
the  pressure  of  expanding  steam  in  a  cylinder, 
tinder  such  circumstances,  may  be  determined 
with  sufficient  accuracy,  for  any  degree  of  ex- 
pansion.  in  terms  of  the  ascertained  density  of 
saturated  steam.  On  the  contrary,  in  cylinders 
imperfectly  heated,  when  the  steam  is  jwrtially 
precipitated  during  admission,  and  during  the 
first  part  of  the  expulsion,  the  expanding 
pressure  at  first  declines  more  rapidly  than 
would  be  due  to  the  maintenance  of  a  constant 
quantity  of  steam  ;  and,  afterwards  less  rapidly, 
rising  above  the  expanding  line  of  pressure 
proper  for  a  constant  weight  of  steam — equal  to 
tliat  contained  in  the  cylinder  at  the  commence- 
ment of  expansion.  This  want  of  conformity  is 
exemplified  in  a  diagram  taken  from  an  outsidc- 
cylinder  locomotive,  with  a  stroke  of  24  inches, 
at  a  low  speed  (fig.  273),  in  which  the  dotted 

lines  show  the  expansion- 
curve  which  would  have 
Wen  descriljcd  with  a  con- 
stant weight  of  steam. 
This  process  of  successive 
condensation  and  re-eva- 
poration is  distinctly  in- 
dicated ;  for,  no  sooner  is 
the  steam  cut  off  at  A, 
than  condensation  is  made 
visible  by  the  vertical  sink- 
ing of  the  expansion-curve 
below  the  standard  or 
normal  curve,  until  the  tenqwratures  of  the 
steam  and  the  material  of  the  cylinder  become 
equal,  when,  as  the  pressure  continues  to  fall, 
and  the  temperature  of  the  steam  with  it,  the 
curve  rises  and  0X08808  the  normal  curve  at  c, 


in  virtue  of  a  partial  re-evaporation  of  the  steam 
previously  precipitated,  caused  by  the  cylinder 
itself,  which,  at  first  colder  than  the  steam,  and 
heated  by  it  in  the  first  stage  of  the  expansion, 
is  then  relatively  hotter,  and  partially  restores 
the  heat  of  which  it  had  previously  robbed  the 
steam.  The  process  of  restoration  of  heat  goes 
on  to  the  end  of  the  exj»ansion,  as  further  proved 
by  the  increasing  excess  of  the  indicated  above 
the  normal  pressure  at  the  point  D — amounting 
to  above  10  lb.  per  square  inch  at  the  point  of 
exhaustion. 

That  the  condensing  power  of  an  unprotected 
cylinder  is  something  very  considerable,  is  ren- 
dered very  obvious  by  an  indicator-diagram  (Hg. 
2 74),  taken  from  the  same  cylinder,  in  full  gear, 
at  a  low  speed,  shortly 
after  starting  with  a  train. 
It  shows  that  the  pressure 
could  not  be  maintained 
in  the  cylinder,  as  con- 
densation in  heating  the 
cylinder  proceeded  faster 
than  steam  could  be  sup- 
plied through  the  opening 
of  the  jxirt.  Had  tho 
cylinder  been  hot,  the 
pressure  would  liave  l>een 
fully  maintained,  according  to  the  dotted  line. 


Fifl.  27*. 


IllDICATOB  -  DliGKlV,  to 

illustrate  the  Conitrnain|< 
Power  of  an 
Cylinder. 


Fjo.  273. 


liOlCiTOB-  DitGltV,  to 
illustrate  thr  fwhartoiir 
of  Steam  in  the  Cylinder 
during  Expansion. 


CHAPTER  V. 

THE  BEHAVIOUR  OF  STEAM  IN  THE  CYLINDER 
DURING.  EXHAUSTION. 

In  no  j>art  of  the  distribution  is  the  advantage 
of  time  more  apparent  than  during  the  period 
of  exhaust.  It  is  plain,  by  reference  to  figs.  271 
and  272,  that  the  steam  does  not  discharge  itself 
instantaneously  from  the  cylinder  at  the  point 
of  release,  as  the  piston,  in  all  the  diagrams,  luis 
visibly  to  go  some  distance  before  the  pressure 
falls  to  a  minimum.  In  fig.  271,  at  the  lower 
Speed,  the  piston  moves  3  \  inches  from  the  point 
at  which  the  steam  is  released,  to  the  point  at 
which  tho  pressure  falls  to  the  atmospheric  line. 
At  the  higher  speetL,  the  steam  only  reaches  the 
minimum  pressure  of  2  lb.,  when  the  piston  has 
at  tained  to  the  end  of  the  stroke,  through  5  inches 
of  the  cylinder.  These  are  elementary  proofs  of 
the  benefit  of  time  for  insuring  a  good  exhaust. 

As  the  velocity  of  steam,  escaping  uninter- 
ruptedly, would  practically  suffice  to  evacuate 
the  cylinder  in  good  time,  to  prevent  the  evil  of 
back  pressure,  there  is  no  doubt  that  the  back- 
pressure which  does  actually  arise  is  owing  to 
the  circumstantial  hindrance  of  mixed  water, 
strictures,  bends,  and  friction.  Tlte  retarded 
motion  of  the  piston  towards  the  end  of  the 
stroke,  in  virtue  of  the  action  of  the  crank,  is 
peculiarly  favourable  for  the  exhaustion  of  the 
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Via.  275. 


Ixdicatok  -  Dniimn,  to 
illnalrate.  the  Iwhariour 
of  Ste»m  ia  the  Cylinder 
during  Ethatulion. 


steam,  as  it  allows  tinio  for  its  escape  before  the 
piston  returns  upon  it  At  the  higher  speeds, 
however,  the  escaping  steam  may  be  overtaken 
and  driven  before  the  piston  into  the  atmosphere, 
should  its  remaining  elasticity  prove  insufficient, 
and  then  an  opposing  back-pressure  is  established. 
The  wider  the  lead  for  the  exhaust,  the  less  is 
the  back-pressure,  on  account  of  the  increased 
facility  for  escape.  For  the  usual  s{>eeds  of 
pistons  of  stationary  engines — from  220  to  300 
feet  per  minute, — the  back -pressure  is  practically 
unimportant,  if  the  cylinder  be  properly  heated, 
and  the  steam  dry.  On  tho  contrary,  the  back- 
pressure  is  very  great  when  the  steam  is  con- 
densed within  the  cylinder,  or  if  it  be  loaded 
with  water  by  priming. 

Fig.  27.)  shows,  in  contrast,  the  evil  of  con- 
densation in  a  cylinder,  in  causing  back -pressure. 

In  the  one  case,  the  steam 
admitted  at  801b.  pressure 
above  the  atmosphere  is 
cut  off  at  one-sixth  of  the 
stroke,  and  exhausted  at 
half-stroke ;  yet  it  is  so 
loaded  with  water,  when 
discharged,  that  it  incurs 
a  back- pressure  of  121b. 
per  inch  in  being  ex]>elled 
by  the  piston,  moving  at 
an  average  speed  of  430 
feet  i»er  minute.  In  the  other  case,  illustrated 
in  the  same  figure,  the  steam  was  admitted  in 
a  much  greater  volume,  through  half  the  stroke, 
at  a  speed  of  piston  of  580  feet  per  ininute, 
whilst  the  exhaust-pressure  fell  to  about  2$  lb. 
per  square  inch.  The  cylinder  had  been  pre- 
viously heated  by  hard  work,  the  steam  was 
conqMiratively  dry,  and  the  opposing  pressure 
was,  consequently,  almost  entirely  removed. 

The  ordinary  effect  of  the  priming  of  muddy 
water  from  a  locomotive  boiler  is  illustrated  by 
fig.  276,  in  which  aro  shown  indicator-diagrams 
taken  from  the  cylinder 
immediately  previous  and 
subsequent  to  blowiug  off 
the  l>oiler,  when  the  water 
had  been  unusually  impure, 
at  the  same  speed  of  piston, 
about  600  feet  per  minute. 
The  full  line  was  described 
liefore,  and  the  dot -line 
after,  the  Iniiler  was  sup- 
plied with  clean  water; 
and,  other  circumstances 
being  the  same,  the  kick-pressure  fell  from  9  II). 
to  about  1  \  lb.  per  square  inch  above  the  atmo- 
sphere. In  some  cases  the  priming  of  water  into 
the  cylinder  has  Wn  found  to  reduce  the  effec- 
tive pressure  more  than  a  half. 

The  blast-pipe  of  locomotives  should  be  larger 
in  sectional  area  than  the  steam  -  passages  in  the 
cylinder,  in  order  to  discharge  the  steam  with 
facility.  The  orifice  of  the  blast- pi |>e  should  uot 
be  less,  and  it  need  not  be  greater,  than  tho 


Fin.  276. 


Ijrnir  itob  -  DiauiiM,  to 
illustrate  the  ordinary 
effect  of  Priming  in  tho 
Cylinder. 


smallest  part  of  the  jwissage  from  the  cylinder ;  if 
smaller,  it  increases  back-pressure. 

Summary  of  data  as  to  back-prcsmrr. — If  the 
steam,  working  in  steam-engines,  could  escaj»e 
freely  without  resistance,  the  back-pressure  would 
be  simply  the  pressure  of  the  atmosphere,  in 
uon- condensing  engines;  and,  in  condensing 
engines,  it  would  be  the  pressure  corresponding 
to  the  temperature  in  the  condenser  —  what 
Professor  llankine  calls  the  "  pressure  of  con- 
densation." The  mean  back -pressure,  however, 
always — sometimes  considerably — exceeds  the 
pressure  of  condensation.  One  cause  of  this,  in 
condensing  engines,  is  the  presence  of  air  mixed 
with  the  steam,  which  causes  the  pressure  in 
the  condenser,  and  also  the  back -pressure,  to  l>e 
greater  than  the  pressure  of  condensation  of  the 
steam.  The  ordinary  temperature  in  the  con- 
denser, in  proper  working  order,  is  about  104° 
Fahrenheit,  for  which  the  pressure  is  1-06  IK 
per  square  inch  ;  whilst  the  actual  pressure  in 
the  best  condensers  of  ordinary  engines  may  be 
scarcely  ever  less  than  2  lb.  on  the  square  inch. 
The  principal  cause,  however,  of  increased  back- 
pressure is  resistance  to  the  escape  of  the  steam 
from  the  cylinder,  amounting  to  from  1  to  3  lb. 
per  inch  greater  than  the  pressure  in  the  con- 
denser. There  is  no  doubt  that,  practically,  in 
condensing  engines,  the  back-pressure  increases 
with  the  speed  of  the  engine,  and  also  with  the 
density  of  the  exhausted  steam,  and  with  the 
size  of  the  exhaust-jwrts.  In  uon- condensing 
locomotive  engines,  the  Author  has  found  that 
the  excess  of  back -pressure  above  the  atmospheric 
pressure  varies  nearly  as  the  square  of  the  sjieed  ; 
as  the  pressure  of  the  exhaust-steam  at  the 
commencement  of  the  exhaust ;  and  inversely 
as  the  square  of  the  area  of  the  orifice  of  the 
blast-pijH? ;  that  it  is  less,  the  greater  the  ratio  of 
the  expansion  ;  that  it  is  less,  the  longer  the  time 
during  which  the  exhaustion  of  the  steam  lasts  ; 
and  that  it  is  increased  by  the  presence  of  liquid 
water  amongst  the  steam. 


CHAPTER  VI. 

RELATIVE  PRESSCRES  OF  STEAM  IN  THE  BOILER, 
THE  VALVE-CHEST,  AND  THE  CYLINDER. 

As  iii  the  cylinder,  so  in  the  intermediate 
thoroughfares  between  that  and  the  boiler,  the 
movements  of  steam  are  affected  by  the  contli- 
tions  of  dryness,  as  well  as  by  the  size  and  form 
of  the  passages.  In  well -protected  cylinders, 
with  dry  steam,  and  ]>orts  one-fifteenth  of  the 
area  of  the  piston,  the  fall  of  pressure,  or  wire- 
drawing, in  the  cylinder  passages  is  about  16 
per  cent,  of  the  pressure  in  the  valve-chest,  at  a 
sj>eed  of  piston  of  GOO  feet  per  minute  ;  and  with 
a  |*>rt  one- tenth  the  area  of  the  piston,  the 
fall  of  pressure  docs  not  exceed  10  per  cent  at 


Digitized  by  Google 


ORDINABY  HORIZONTAL  STEAM-ENGINES. 


303 


any  speed.  An  example  of  the  relative  indicated 
pressures  in  the  valve-cheat  and  the  cylinder  of 
a  locomotive  is  shown  in  tig.  277,  where  the 

former   is  represented 


t-aolb 


lxntoToB.UiK.iuM,  to  illu». 
trale  the  relative  Pressure*  of 
Si  ram  in  the  Cylinder  and  the 
Valve-«tLe*t. 


to  have  oscillated  above 
5  lb.  per  square  inch. 

In  imperfectly  pro- 
tected cylinders,  when 
the  steam  is  not  dry,  the 
fall  of  pressure  varies 
from  20  to  40  per  cent. 
The  fall  of  pressure  in 
passing  through  pipes 
less  than  one-sixteenth 
of  the  piston  in  area, 
may  be  from  one-third  to  one-fourth  ;  in  a  pipe 
<>f  one  tenth  the  piston,  the  fidl  is  inconsiderable. 
If  the  steam  lw  highly  dried,  a  pipe  of  ordinary 
length,  one-thirteenth  the  area  of  piston,  is  suffi- 
cient to  transmit  the  steam  undiminished  in 
pressure. 

The  greatest  useful  opening  of  the  regulator 
does  not  exceed  one-twentieth  the  area  of  the 
piston.  A  greater  ojK'iiing  is  not  found  to  add 
to  the  facility  of  transmission. 


CHAPTER  VII. 

ORDINARY  HORIZONTAL  STEAM-ENGINES. 

These  engines  are  non- condensing,  except 
when  otherwise  described. 

Messrs.  Barrett,  Exall,  <fc  Andrewcs,  Reading, 
exhibited  one  of  their  high-pressure  ejrjmnsiun 
and  condensing  engines,  of  30  nominal  horse- 
]>ower,  employed  in  driving  flax  machinery 
(tig.  278).  Considerable  attention  has  been  paid 


in  this  engine,  to  insure  economy  of  fuel,  and  at 
the  same  time  simplicity  of  construction.  The 
exhibitors  guarantee  the  consumption  of  fuel  of 
these  engines  at  from  2  k  lb.  to  31b,  of  best 
Welsh  coal  per  horse-power  per  hour, — a  very 
important  point  when  it  is  considered  that  as 
much  fuel  as  this  is  consumed  by  the  best-con- 
structed high  and  low  pressure  cylinder-engines, 


1  kdicatoi  -  I'i.u.r  *  M-,  from  one  of  (he  expansive  condensing 
engines  of  Messrs.  Barrett,  Exall,  k  Andrewes.  To  illustrate 
the  action  of  the  expansion- gear. 

in  which  the  steam  is  admitted  at  high  pressure 
in  the  smaller  cylinder,  and  ]>assed  into  the 
larger  cylinder  at  low  pressure.    This  arrangc- 


Fio.  179. 


30-IIoMl-PowiJt  lllOM-raw&CBS  Expajimox  i.id  Cu.iusjiatxa  Stkam-Kscixh,  hy  Messrs.  Barrett,  Exall,  &  Andrcwrs,  Reading. 
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ment  involves  an  cxj>ensivo  class  of  engine*, 
which  Messrs.  Harrett,  Kxnll,  «k  Andrewes  have 
in  n  measure  superseded,  by  the  employment  of 
a  cutroff  valve,  which  is  regulated  hy  the  amount 
of  woril  on  the  engine.  The  bod-plate  in  planed 
perfectly  tme,  and  on  it  the  cylinder.-*,  bear- 
ings, and  condensers  are  fixed.  The  cylinders 
are  Btenin -jacketed,  and  are  in  direct  com- 
munication with  the  boiler,  for  the  purpose 
of  being  maintained  at  as  high  a  temperature 
as  ]M>ssil)le  ;  they  are  14  \  inches  in  dimueter 
and  have  a  2U-inch  stroke.  The  double  crank- 
shaft is  made  out  of  a  piece  of  round  iron  bent 
to  the  shape,  in  order  to  insure  the  grain  or  fibre 
being  in  the  direction  of  the  strain-  Each 
cylinder  has  a  variable  expansion-valve,  inde- 
pendent of  the  main  valve,  capable  of  cutting 
otr  at  a  tenth  of  the  stroke,  the  quantity  of 
steam  admitted  by  the  expansion-valve  being 
regulated  by  hand  as  the  engine  is  working 
(see  fig.  27!)).  The  piston-rods  of  the  engines 
are  prolonged  through  the  covers,  and  work  the 
air-pumi>s,  which,  together  with  the  condensers 
and  hot  wells,  are  placed  in  line  at  the  back  of 
the  cylinders.  The  entire  condensers  and  air- 
pumps  are  submerged  in  the  overflow  water, 
which  seals  the  joints,  so  that  there  need  be  no 
trouble  in  making  air-tight  joints.  A  vacuum 
of  from  27  to  28  inches  is  frequently  had  in  the 
condensers. 

The  same  exhibitors  showed  a  small  vertical 
engine,  neatly  constructed,  with  an  inverted 
cylinder,  working  to  the  crank  below,  employed 
to  drive  M.  Hastier  s  chain-pump. 


Messrs.  Clayton,  Shuttleworth,  iCo.,  Lincoln, 
exhibited  a  l'2-horse-jnnr^r  horizontal  engine,  cm- 
ployed  to  work  one  of  the  two  French  pumps 
engaged  in  supplying  water  for  the  two  large 
French  fountains  erected  in  the  Horticultural 
Gardens,  It  has  a  single  cylinder,  11  inches  in 
diameter,  with  Hi  inches  stroke,  non-condensing 
The  base-plate  is  planed  on  the  upjKT  «ind  lower 
sides.  The  cylinders  and  the  valve-chest  are 
clad,  and  the  engine  is  fitted  with  a  feed-water 
heater,  in  which  the  water  is  passed  in  a  jacket 
over  a  section  of  the  exhaust-steam  pipe,  and  i* 
heated  by  superficial  contact.  The  whole  of  the 
work  is  of  the  best  description,  and  the  eugit.e 
is  thoroughly  finished.    (Plate  XXVII.) 

Messrs,  Ransomes  «fe  Sims,  Ipswich,  exhibited 
two  horizontal  steam-emjim  s,  one  of  which  has 
a  10-inch  cylinder,  with  10-inch  stroke,  and 
was  applied  to  work  a  portion  of  the  spinning 
machinery,  and  the  other  to  work  Momx 
Armstrong  »fc  Co. 'a  hydraulic  crane,  and  other 
machines.  One  excentric  is  employed  to  work 
two  feed-pumps  ;  one  of  these  pumps  is  to  lift 
the  cold  water  to  la;  heated  by  the  waste  steam, 
and  the  other  to  force  the  heated  water  into  the 
boiler.  The  lower  brass  of  the  crank-shaft  is 
let  into  the  plummcr-block  with  a  circular  seat- 
ing ;  not  being  secured,  it  is  liable  to  work 
loose.  The  bolts  of  the  plummer-block  an1 
secured  to  it  by  three  small  tapered  pins,  instead 
of  the  usual  cotter.  The  lw>lts  and  nuts  through 
the  connecting-rod  end,  to  hold  on  the  c«]»n 
are  retained  by  means  of  a  skewer  passing  riglu 
through  them  and  the  neck  of  the  connecting 


Fio.  2*1. 


IIomzoxTii.  Suin-KsuiM,  l>y  Mfiin.  IUntomet  &  Sim* 
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rod.  The  crosshead  and  slides  arc  all  in  one 
piece,  and  the  piston-rod  is  screwed  into  the 
crosshead  with  a  lock-nut  (fig.  280). 

Mr.  John  Imray,  London,  exhibited  three 
steam- engines  in  motion, — first,  a  horizontal 
engine  of  20-horse  j»ower,  with  a  15-inch  cylinder 
and  21 -inch  stroke,  em  ploy  ed  to  work  flax  and 
woollen  machinery  ;  second,  a  horizontal  engine 
of  7 -horse  power,  with  9 -inch  cylinder  and 
1 2 -inch  stroke,  employed  in  working  the  American 
carpet-loom,  small  printing-machines,  &c.  Mr. 
Imray  waus  one  of  the  earliest  constructors  of 
horizontal  engines,  eleven  yean  ago.  The  frame 
is  provided  with  two  seating*  for  the  plummer- 
block  and  the  force-pump  of  the  crank-shaft,  so 
that  it  may  he  worked  to  the  right  or  tho  left- 
hand  side.  The  slides  for  the  piston-crosshead 
are  simply  constructed,  and  consist  of  two  Literal 
brackets  bored  out  circularly,  to  receive  the 
crosshead,  which  is  finished  in  the  lathe  to  slide 
between  them.  They  an*,  with  the  obliquity  of 
their  wearing  surfaces,  more  liable  to  wear  slack 
than  ordinary  guides,  but  they  are  adjustable 
by  means  of  set  screws,  and  they  possess  the 
advantage  that  they  2>ermit  the  crosshead  to 
yield  without  strain  to  the  crank-shaft,  should 
it  be  out  of  level  for  any  reason.  The  valve- 
gear  and  the  feed-pump  an;  worked  by  one 
excentric  on  tho  crank-shaft,  the  excentric-rod 
Ixjing  connected  direct  to  tho  pump-plunger; 
and  a  link-rod  from  the  cxcentric-stnvp  works 
the  rocking-shaft  for  the  valve-motion.  By  this 
plan,  though  simple,  the  valve-motion  is  more 
liable  to  slack  action  than  when  it  is  driven  by 
an  excentric  for  itself.  The  crank-motion  is 
received  and  transmitted  by  a  cast-iron  disc  with 
a  pin  in  it,  instead  of  the  ordinary  crank. 
The  thinl  is  a  small  vertical  engine,  with  an 
8-inch  cylinder  and  8-inch  stroke ;  it  was  em- 
ployed in  driving  woollen  and  flax  machinery. 

Messrs.  B.  Hick  &  Son,  Bolton,  had  a  hori- 
zo)Ual  engine  at  work,  with  one  cylinder  14 

FlQ. 


inches  diameter  and  18  inches  stroke,  making 
120  revolutions  per  minute  ;  it  was  employed 
to  chive  the  cotton  and  woollen  machinery 
exhibited  by  Messrs.  Piatt  Brothers  6i  Co.  It 
was  of  massive  proportions  and  good  workman- 
ship, and  was  fitted  with  au  equilibrium  stop- 
valve. 

Messrs.  T.  M  Tennant  <fc  Co.,  Edinburgh, 
exhibited  a  6 -horse  jwtoer  horizontal  engine, 
with  8^-inch  cylinder  and  20-inch  stroke,  em- 
ployed in  driving  cotton -spinning  machinery. 
The  slide-valve  is  placed  ou  the  top  of  the 
cylinder,  and  worked  by  means  of  a  rocking- 
shaft.  The  feed-pump  is  worked  direct  from 
the  crosshead,  and  the  valves  are  readily  acces- 
sible. The  cap  of  the  plummer-block  is  held  by 
four  bolts ;  but  two  would  be  sufficient,  and 
better. 

Messrs.  Wren  Jc  Hopkinson,  Manchester,  ex- 
hibited a  horizontal  engine,  with  a  jmir  of  cylin- 
ders 10  inches  in  diameter  and  20  inches  stroke, 
at  work  in  driving  their  silk  and  cotton  manu- 
facturing machinery. 

Messrs.  Sandys,  Vivian,  A-  C<>.,  Haylc,  exhi- 
bited a  horizontal  engine,  with  a  14-inch  cylin- 
der and  24-inch  stroke,  —  a  substantial  and 
dunible  engine. 

Mr.  J.  Hands,  Birmingham,  exhibited  a  2-Aorse 
]>ower  horizontal  engine,  which  was  employed  in 
driving  an  air-hammer.  The  crank-shaft  runs 
in  two  bearings,  wide  apart,  with  a  double 
crank  in  the  centre ;  the  crank,  lieing  at  somo 
distance  from  cither  bearing,  is  not  projK>rly 
supported.  The  engine  otherwise  is  substantially 
put  together. 

Messrs.  Bryan  Doukin  &,  Co.,  London,  ex- 
hibited an  S- horse  jtotoer  horizontal  engine,  for 
the  jmrjKJse  of  driving  the  paper  making  ma- 
chinery they  exhibited.  It  is  a  generally  good, 
stnmg  engine. 

Messrs.  Powis,  James,  <fc  Co.  exhibited  a 
well-made  horizontal  engine  (fig.  281). 

28]. 


HoBizo.vr.ii.  STUH-Esf  oisi,  by  Messrs.  Powis,  James,  tc  Co.,  London. 


Messrs.  D.  Napier  »k  Son,  London,  exhibited 
a  horizontal  engine  for  driving  their  sugar  cen- 
trifugal machine.  It  has  not  the  appearance 
of  an  engine-builder's  work.    For  example,  the 


stuffing-gland  is  screwed  into  the  cylinder  stufl- 
ing-box ;  the  plummer-block  is  parted  horizon- 
tally ;  tho  governor  is  driven  by  a  gut-band. 
Messrs.  Thornowill  «fc  War  ham,  Burtou-on- 


STATIONARY  STEAM-ENGINES. 


Trent*  exhibited  a  pair  of  horizontal  colliery- 
winding  engines,  as  models  of  a  class  of  powerful 
winding  engines  recently  erected  by  them  in 
the  Midland  Counties.  There  are  two  cylinders, 
which,  in  the  model,  arc  12  inches  in  diameter, 
with  2  feet  stroke ;  in  the  full-size  engine  they 
are  made  20,  25,  or  30  inches  in  diameter,  with 
5  feet  stroke.  They  work  to  one  crank-shaft,  on 
which,  in  some  engines,  a  fly-wheel  is  tixed  ;  and 
the  rope-drum  is  fixed  on  the  same  shaft.  With 
the  two  cylinders,  the  counterbalance-chain  is 
dispensed  with.  The  drum  is  made  from  12  to 
10  feet  in  diameter,  to  hold  500  yards  of  rope 
and  upwards.  The  engines  are  usually  made 
with  double-beat  valves,  easy  to  work  ;  but  the 
engine  exhibited  is  fitted  with  overhung  valve- 
gear  on  the  outer  sides  of  the  cylinders,  with 
double  excentrics  and  locomotive  link-motion 
for  ready  reversing.  There  is  only  one  handle 
to  work,  and  tliat  is  for  the  valves  ;  the  break  is 
worketl  by  the  toot.    The  engine  usually  makes 

Fig.  282. 


steam,  the  engines  are  capable  of  raising  1,000 
tons  of  coal  in  a  day.  By  the  use  of  a  pair  of 
cylinders,  the  winding  motion  is  uniform,  and 
obviates  the  continual  check  or  fluctuation  of 
speed  incidental  to  the  action  of  a  single-cylinder 
winding-engine,  and  injurious  to  wire-ropes. 


Vbkticil  STiAU-Kiroixr,  l>y  Meur*.  »rr»b«<  &  Co.,  Stroud. 


from  fifteen  to  twenty  revolutions  in  a  lift;  it  can 
be  stopped  within  half  a  turn,  going  full  speed. 
It  would  send  500  yards  of  ro|>e  down  the  pit 
in  a  minute,  with  a  lG-feet  drum.    With  401b. 


CHAPTER  VIII. 

ORDINARY  VERTICAL  AND  BEAM  ENGINES. 

Mews.  J.  Ferralx*c  «Js  Co.  (now  the  Phoenix 
Iron  Works  Company),  Stroud,  Gloucestershire, 
exhibited  a  vertical  steam-engine,  with  the  crank 
overhead.  It  has  a  separate  expansion  piston- 
valve,  working  in  a  chamber  behind  the  ordi- 
nary slide,  controlled  by  the  governor,  which 
acts  upon  a  link-motion  worked  by  two  excen- 
trics, as  in  locomotives,  and  on  the 
principle  of  Allans  straight-link 
motion.  The  cylinder,  10  inches 
in  diameter,  with  18-inch  stroke, 
is  fitted  with  a  steam-jacket  cast 
u]M>n  it  The  exhaust  steam  is 
discharged  into  a  cistern  formed  in 
the  base,  to  heat  the  feed-water. 
This  is  a  neat,  well-arranged,  and 
serviceable  engine.  It  whs  applied 
to  drive  the  wood-working  and  the 
printing  machines  (fig.  282). 

Mr.  W.  Benson,  Nottingham, 
exhibited  a  vertical  engine,  with 
the  crank  overhead.  The  whole 
engine  stands  on  a  planed  base- 
plate,—  a  round  column  being 
placed  beside  the  cylinder,  to  carry 
the  crank-shaft.  The  governor  is 
placed  on  the  top  of  the  column, 
with  a  bearing  in  a  deep  socket, 
and  is  compactly  driven  from  the 
crank -shaft  by  means  of  skew- 
geared  pinions  at  right  angles.  It 
is  a  simple,  neat,  accessible,  and 
serviceable  engine  for  small  sizes 
(fig.  283). 

Messrs.  Williamson  Brothers, 
Kendal,  exhibited  a  vertical 
cot ii  mn  engine.,  with  crank  over- 
head, in  which  the  cylinder  is 
fixed  within  the  Imse  of  a  column 
which  is  open  at  four  sides,  and 
answers  the  purpose  of  a  frame, 
equally  stiff  in  every  direction,  and 
combining  strength  with  lightness. 
The  engine  is  fitted  with  an  equili- 
brium throttle- valve,  controlled  by 
the  governor,  and  designed  with 
flanges  or  rings,  feO  prevent  it-  sticking  in  any 
jHwition.  The  governor  can  l>e  disconnected 
instantly  by  means  of  a  lever,  by  which  the 
steam  is  shut  ofTat  the  same  time  (fig.  284). 
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Messrs.  Routledge  «fe  Ommannoy,  Manchester, 
exhibited  a  diagonal  engine,  with  two  cylinders 
8  inches  in  diameter,  with  an  8  inch  .stroke,  in- 
clined at  right  angles  to  each  other,  working  to 
a  single  crank  on  the  shaft  overhead,  on  a  diago- 
nal frame,  entirely  self-contained.  The  engine 
was  designed  specially  to  drive  calico-printing 
and  calendering  machines.  The  governor  is 
lixed  upon  the  cover  of  the  plummer-block, — 
scarcely  correct  practice.  The  engine  was  em- 
ployed to  drive  cotton  -spinning  machinery.  The 


I  same  exhibitors  showed  a  boiler-feeder,  a  feed 
and  fire-engine,  and  a  magnet- machine,  which 
will  be  noticed  in  their  proper  places  (fig.  285, 
page  308). 

Messrs.  Bolliss  <fc  Seckings,  Birmingham,  ex- 
hibited a  2%-Iiorse  jxneer  vertical  engine,  with 
the  cylinder  inverted,  and  working  to  the  crank- 
shaft with  bearings  on  the  base-plate.  It  is  an 
example  of  a  class  of  engines  constructed  on  the 
same  general  design,  up  to  cylinders  of  :}(>  inches 
in  diameter.    For  large  power  it  is  perhaps  the 
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Di.uii     u   Sr>:.iM-KM.i>t,  by  Messrs.  BoulledgP  &  Ommtnntj', 


form  of  vertical  engine.  The  engine 
was  neatly  designed  ;  it  was  employed  in  driving 
mud]  tools  (fig.  28G). 

Messrs.  Carrett,  Marshall,  tfc  Co.,  Leeds,  ex- 
hibited a  simple  form  of  vertical  engine,  with 
inverted  cylinder,  on  which  plan  engines  of  from 
1  to  20-horse  power  are  constructed.  To  obviate 
the  nsnal  objection  to  inverted  cylinders  from 
leakage  through  the  stuffing-box  at  the  bottom 
of  the  cylinder,  the  stuffing-box  is  projected 
for  its  whole  depth,  upwards  into  the  cylinder, 
a  corresponding  recess  being  formed  in  the 
piston,  so  that  leakage  from  the  cylinder  Ls  pre- 
vented. Variable  expansion-gear  is  also  applied, 
with  a  constant  fire  exhaust  (fig.  287).  2.  The 
same  form  of  engine  fixed  u]>on  a  vertical  boiler, 
which  forms  a  foundation  for  the  engine.  The 
inside  of  the  boiler  is  accessible  by  a  man-hole, 
for  cleaning  out,  and  the  boiler  is  entirely  con- 
structed of  boiler-plate  fiauged  and  welded,  with 
an  internal  fire-box,  hanging  water-chauiber,  and 


uptake  (fig.  288).  The  horizontal  engine  exhi- 
bited will  be  noticed  in  the  following  cliapter. 

Messrs.  R.  Wood  it  Sons,  Leeds,  exhibited 
a  condensing  beam-engine,  with  two  cylinders 
on  Woolfs  system,  having  a  double  A  frame  to 
carry  the  bearings  of  the  beam,  supplemental 
by  a  pair  of  slight  columns  at  each  end  of  the 
base-plate,  with  an  entablature.  The  A  frame  Ls 
the  really  useful  part  of  the  upper  structure.  The 
bearings  of  the  parallel  motion  are  set  up  on 
the  old  Leeds  fashion,  by  set-screws.  The  cast- 
iron  connecting-rod  is  good,  and  cheaper  than 
one  of  wrought  iron.  The  excentric  rod  is  ex- 
j>ensively  framed,  as  Murdoch  did  forty  years 
ago.  The  engine  was  employed  in  working  the 
brick-making  machines. 

The  Lillcshall  Company,  Shiffnal,  Shropshire, 
exhibited  a  ]«iir  of  condensing  blast-engine*, 
having  two  upright  steam-cylinders  20  inches 
in  diameter,  and  two  44-inch  blast-cylinders, 
at  the  opposite  ends  of  beams,  which  are  inge- 
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niously  made  to  overhang  the  blast-cylinders,  to 
work  by  connecting-rods  to  a  fly-wheel  shaft 
They  are  capable  of  blowing   two  cold-blast 


FlQ.  286. 


cylinders,  with  8  J-  feet  stroke  make  twelve  revo- 
lution! per  minute,  and  produce  a  blast-pressure 
of  3J  lb.  per  square  inch.    With  30  lb.  steam 
in  the  boiler,  they  cut  off*  at  one-third  of 
the  stroke  in  the  steam-cylinders,  and  with 
a  pressure  of  from  15  lb.  to  17  lb.  above  that 

Fig.  288. 


Viitical  Stkax-Ehgixe,  by  Messrs.  BtUia*  &  Seeking*,  Birmingham 


furnaces,  and  were  placed  on  wrought-iron  foun- 
dations for  convenience  of  exhibition.  They 
are  fitted  with  four  double- beat  valves  and 

Fio.  2*7. 


S t u l-I'o m. un  r  Vi  inn  a  Excise,  by  Metara. 
Carrett,  Marahall,  &  Co. 


of  the  atmosphere,  they  consume  4\  cwt.  of 
coal  i>er  ton  of  pig-iron  manufactured.  The 
engines  exhibited  were  admired  for  their  fine 
proportions  and  their  excellent  workmanship 
(tigs.  289,  290,  i»ges  310,  311). 

Several  steam-engines  were  exhibited  in 
special  connection  with  and  driving  other 
machinery  for  various  purposes ;  these,  if 
not  elsewhere  described,  are  noticed  with  the 
machinery  to  which  they  are  attached. 


YitttciL  SnAM-BvciVB,  by  Me»»rs.  Carrett,  Marnhall,  &  Co., 

Leeda. 

expansion-gear,  working  direct.  The  "  Lodge  " 
blast-engines,  arranged  like  those  exhibited, 
have  40-inch  steam-cylinders,  and  8C-inch  blast- 


CHAPTER  IX. 

STEAM-ENGINES   SPECIALLY   DESIGNED  FOR 
EFFECTING  ECONOMY  OF  FUEL. 

Certain  English  constructors,  sensible  that 
economy  of  fuel  is  a  consideration  of  practical 
importance,  have  directed  their  attention  to  tho 
means  of  effecting  economy,  in  tho  disposition  of 
steam-engines.  The  most  prominent  is  the  con- 
struction of  horizontal  engines  with  two  cylin- 
ders, so  arranged  that  the  steam,  after  having 
l)een  more  or  less  expanded  in  the  smaller 
cylinder,  is  further  exhausted  into  and  worked 
in  the  larger  cylinder. 

Messrs.  Carrett,  Marshall,  <fe  Co.,  Leeds,  ex- 
hibited a  simple,  well-made,  and  ingeniously 
designed  horizontal  double-cylinder  engine,  with 
two  cylinders,  respectively  12£  and  21  inches  in 
diameter,  with  27  inches  of  stroke.  They  are 
placed  side  by  side  on  one  lwse-plate,  and  work  to 
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cranks  diametrically  opposed,  on  the  same  shaft. 
Thus  the  pistons  do  not,  as  hits  been  usual  in 
compounded  twin-cylinders,  work  together  on  the 
same  cross-head,  making  their  forward  and  back- 
ward strokes  together  ;  but  they  alternate,  and 
l>y  this  disposition  the  steam  is  exhausted  by  the 
medium  of  a  single  slid*',  straight  across  from 
each  end  of  the  high-pressure  to  the  same  end 
of  the  low-pressure  cylinder,  through  the  shortest 
possible  passage.    Thus,  also,  the  reciprocating 


mechanism  balances  iteclf,  and  a  perfectly  steady 
motion  is  obtained.  By  the  cross-sectional  figures 
it  is  shown  that  the  valve-faces  of  the  cylinders 
are  at  light  angles  to  each  other,  connected  by  a 
single  slide,  and  are  at  45°  with  the  horizontal 
plane  of  the  cylinders.  The  air-pump,  wliich  is 
double-acting,  and  the  condenser,  are  placed 
apart,  behind  the  low-pressure  cylinder ;  the 
pump  is  within  the  condenser,  and  is  worked  hy 
a  prolongation  of  the  low-pressure  piston-rod. 
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Fig.  »W 


Blast-EsgisM,  1>y  the  LiUMhall  Compnny  (pape  308). 


In  this  way,  it  is  apparent  the  weight  of  the 
heavier  piston  is  earned  in  stuffing -boxes,  and 
on  slide-blocks  at  l>oth  ends  of  the  cylinder.  The 
feed-water  is  heated  in  a  simple,  ingenious,  and 
effective  way,  by  injecting  water  from  the  hot 
well  through  a  perforated  pipe  into  the  interior 
of  the  exhaust  -  pipe  from  the  low  -  pressure 
cylinder,  where  it  acquires  the  temperature  of 
the  steam,  and  whence  it  is  pumped  into  the 
boiler  (fig.  291,  page  312). 


The  sectional  areas  of  the  cylinders  are  aa 
1  to  3.  In  Order  to  obviate  actually  dead  points 
in  the  revolutions  of  the  shaft,  the  cranks  are 
placed,  not  precisely  parallel,  but  at  a  slight 
angle  off  the  straight  line,— the  low-pressure  or 
larger  piston  being  thereby  placed  slightly  in 
advance  of  the  jxwition  due  to  a  crank  placed 
exactly  in  line.  The  larger  piston  is  thus  in  a 
position  to  receive  the  exhaust  steam  from  the 
smaller  cylinder  at  the  exact   moment  it  w 
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designed  to  bo  set  free, — before  the  smaller 
piston  reaches  the  end  of  its  stroke.    The  slide 


valve,  •which  serves  both  cylinders,  has  two 
faces,  and  the  lead  and  travel  may  be  varied- 


Messrs.  Wal  tor  May 
•t  Co.,  Birmingham, 
exhibited  a  Jtorizontal 
tlouble-cylinder  engine, 
with  the  cranks  at 
right  angles,  designed 
especially  with  a  view 
to  obtain  uniform  ro- 
tative power,  and  at 
the  samo  time  to  carry 
the  expansion  of  the 
steam  to  a  great  ex- 
tent, for  the  puqiose 
of  insuring  the  utmost 
amount  of  economy  in 
fuel. 

The  cylinders  are 
respectively  10  and  21 
inches  diameter,  and 
the  length  of  stroke 
is  2  feet  in  each  case  ; 
one  external  steam- 
jacket,  fed  direct  from 
the  boiler,  embraces 
both  cylinders.  The 
steam  enters  the 
smaller  cylinder  at  the 
full  pressure  of  the 
boiler,  and  when  the 
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piston  has  travelled  half  its  stroke,  is  cut  off  and 
expanded  through  the  remainder  of  the  stroke. 
It  is  then  exhausted  into  the  wrought-iron 
reservoir  under  the  bed -plate,  this  reservoir 
being  jacketed  with  high-pressure  steam  from 
the  boiler.  Here  the  steam  is  stored  up  until 
the  crank  of  the  larger  cylinder,  which  is  at 
right  angles  to  that  of  the  smaller  one,  baa 
brought  its  piston  to  the  end  of  the  stroke, 
when  the  slide -valve  of  the  large  cylinder 
opens  and  admits  the  steam  from  the  above- 
mentioned  reservoir,  and,  as  in  the  smaller 
cylinder,  it  is  again  cut  off  at  hidf-stroke,  ex- 
panded through  the  remainder  of  the  stroke, 
and  exhausted  into  the  condenser,  which  may 
either  Ik;  a  surface-condenser,  as  in  the  case  of 
the  engine  exhibited,  or  an  ordinary  ono,  accord- 
ing to  the  circumstances  of  each  particular  case. 
The  air-pump,  which  is  placed  vertically,  as  being 
preferable  to  horizontally,  is  worked  by  a  con- 
necting-rod from  the  end  of  the  cross-head  of  the 
large  cylinder  (figs.  292,  293,  pages  312,  313). 

The  steam  is,  in  the  first  place,  expanded  in 
the  smaller  cylinder  to  double  its  volume,  and 
after  having  (Hissed  through  the  intermediate 
reservoir,  is  admitted  into  and  cut  off  at  half- 
stroke  in  tho  larger  cylinder.  As  the  larger 
cylinder  has  four  times  the  sectional  area  of  the 
smaller,  the  steam  is  by  that  process  submitted 
to  an  expansion  amounting  to  nine  times  its 
original  volume. 

The  exhibitors  remark,  that  "  the  nearest 
approach  that  it  is  ixwsible  to  obtain  to  perfectly 
uniform  rotative  ]>ower,  is  arrived  at  by  con- 
structing, from  calculation,  the  Indicator-figure 


that  would  be  produced  by  each  cylinder,  and 
deducing  therefrom  the  requisite  proportions 
that  should  exist  between  their  two  diameters, 
and  the  points  at  which  the  steam  should  be  cut 
off,  in  each  respectively." 

In  connection  with  the  above-described  engine 
is  exhibited  Perkins's  surface-evaporator  con- 
denser, consisting  of  a  number  of  upright  tuln* 
closed  at  their  upper  ends,  and  ex]K>sed  to  the 
atmosphere,  or  to  a  water- condensing  medium. 
The  steam  to  Ijc  condensed  is  exhausted  into  the 
tul>es. 

Mr.  F.  H.  Wenham,  London,  embodies  the 
same  principle  of  action  in  his  semiportafile 
"  t/i'rmo-e-rjMtmve  ateam^ngine"  exhibited  with 
its  boiler,  in  the  fonn  of  a  ]>ortable  engine. 
There  arc  two  cylinders,  of  different  diameters, 
working  directly  to  cranks  at  right  angles  on  one 
.shaft.  Steam  of  100  lb.  pressure  is  admitted 
from  the  boiler  to  the  smaller  cylinder,  5  inches 
in  diameter,  with  12  inches  stroke,  and  thence 
exhausted  into  an  "  interheatcr,"  where  it  is 
dried  and  superheated,  and  greatly  augmented 
in  volume  ;  thence  it  is  conveyed  into  the  larger 
cylinder,  8|  inches  in  diameter,  having  three 
times  the  sectional  area  of  the  smaller,  and  finally 
exhausted  into  the  chimney.  The  heating 
chamber  has  about  a  hundred  times  the  capacity 
of  the  larger  cylinder ;  so  that  a  nearly  uniform 
pressure  is  obtained  upon  the  larger  piston 
during  ita  stroke.  The  chamber  is  placed  within 
the  smoke-box,  and  is  detached  from  the  boiler. 
It  is  formed  with  a  series  of  flue-tubes,  so  placed 
as  to  be  coincident  with  those  of  the  boiler  (fig. 
294). 


Tio.  2M. 


Si.ni-ruiiT.iiiu  Thermo  Kiuksivk  Steim-Esgimi,  J>y  Mr.  F.  H.  Wenbam,  London,    (a,  *raal)er  cyhnder;  6,  pipe  from  it  to 
the  regenerator  e ;  and  t,  pipe  from  regenerator  to  larger  cylinder,  J ;  f,  blott-pipe.) 


The  design  of  this  engine  is,  then,  to  communi- 
cate heat  to  the  steam  during  its  ex]>ansion,  and 
in  its  passage  from  the  smaller  to  the  larger 


cylinder.  That  it  operates  with  a  certain  degree 
of  efficiency  is  apparent  from  the  fact  that 
whilst  the  steam  from  the  relief-cock  of  the 
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smaller  cylinder  is  mixed  with  water  of  conden- 
sation, that  from  the  larger  cylinder  is  perfectly 
dry  and  nearly  invisible*  If  the  steam  be  cut 
off  and  expanded  in  the  first  cylinder  down  to 
a  terminal  pressure  equal  to  the  back-pressure 
from  the  interheater,  there  is  not,  abstractly, 
any  material  loss  of  useful  effect  from  this 
source.  In  fact,  Mr.  Wenham's  object  is  to 
make  the  interheating  chamber  as  capacious  as 
]M>ssible.  In  the  ordinary  compound  engine,  as 
he  remarks,  there  is  a  loss  of  effect  in  the 
emptying  and  refilling  of  the  intermediate 
passages — an  objection  which  docs  not  apply 
cither  to  his  engine  or  to  that  of  Messrs.  May 
<fc  Co. 

The  boiler  attached  to  the  engine  has  74  square 
feet  of  tube-surface,  and  8  square  feet  of  firebox- 
surface  ;  making  a  total  of  82  square  feet,  with 
2*36  square  feet  of  grate.  The  working  pressure 
in  the  boiler  is  100  lb.  per  inch,  and  the  engine 
makes  120  revolutions  per  minute.  It  was 
found  in  one  trial,  which  appears  to  have  been 
carefully  made,  that  the  engine  exerted  10^-horse 
power  at  the  brake  on  the  fly-wheel,  with  a 
gross  consumption  of  2101b.  of  coal,  including 
30  lb.  to  get  up  steam,  and  an  cvai>oration  of 
26  cubic  feet  of  water,  in  six  hours,  or  7  J  lb.  of 
water  per  lb.  of  coal.  The  consumption  of  coal 
per  horse-power  at  the  brake  was  3*33  lb.,  in- 
cluding the  coal  for  getting  up  steam,  or  2  85  lb. 
exclusive  of  that. 

Mr.  Wenham  states  that,  practically,  his 
interheater  does  not  get  injuriously  hot,  except 
when  there  is  a  bright  firo  and  the  engine  is 
at  rest ;  for  the  steam  exhausted  from  the  first 
cylinder  takes  up  the  heat  with  avidity.  An 
engine  on  his  principle  has  been  at  work  for 
eighteen  months  on  his  premises,  giving  out 
3-horse  power  by  the  friction-brake  applied  at 
the  rim  of  the  fly-wheel,  and  consuming  901b. 
of  fuel  jwr  day,  or  one  ton  per  mouth.  Since 
the  larger  cylinder  was  added  to  the  engine, — 
originally  made  with  but  one  cylinder, — the  puffs 
of  the  exhaust  steam,  formerly  very  noisy,  have 
become  nearly  silent 

A  similar  engine,  in  all  respects  the  same  in 
dimensions,  with  the  exception  of  the  grate, 
which  had  2  64  square  feet  of  area,  was  sub- 
mitted for  trial.  The  interheater  or  "regene- 
rator" had  25  square  feet  of  surface,  and  16 
cubic  feat  of  capacity.  The  results  of  ten  hours' 
continuous  working  showed  an  exertion  of  16*05 
indicator  horse -power,  with  a  consumption  of 
2  1  lb.  of  coal  per  horse q>ower  per  hour.  Of 
the  1 6-horse  power,  the  first  cylinder  contributed 
7'77-horse  power,  and  the  second  8-28-horse 
power — nearly  equal  proportions.  With  100  lb. 
steam  in  the  boiler,  the  maximum  pressure  in 
the  first  cylinder  was  from  97  to  98  lb.  per 
square  inch.  The  back  -  pressure  in  the  samo 
cylinder  was  27  lb.,  and  the  positive  pressure  in 
the  second  cylinder  was  23A  lb.  Thus,  a  fall 
of  pressure  amounting  to  3^"lb.  per  square  inch 
appears  to  have  taken  place  in  the  transit  from 


the  first  to  the  second  cylinder.  The  regularity 
of  the  back  and  positive  pressure -lines  in  the 
first  and  second  cylinders  resjwctivelv,  proves 
the  equalizing  action  of  the  intermediate 
chamber. 

Mr.  W.  P.  Wilkins,  Ipswich,  exhibited  a 
20-horse  power  condensing  steam-engine.  It  has 
two  cylinders,  8i  and  10  inches  in  diameter, 
placed  one  above  the  other,  end  to  end,  for 
working  the  steam  exjMinsively  from  the  upper 
into  the  lower.  Thei-e  are  two  piston-rods  from 
the  lower  cylinder,  which  pass  up  and  work 
within  tubes  oust  on  the  side.s  of  the  upper 
cylinder.  The  piston-rods  are  attsiched  to  one 
end  of  a  beam  which  rocks  on  its  other  end, 
with  an  intervening  connecting-rod  to  the  crank. 
A  tubular  feed -water  surface -heater  is  applied 
between  the  larger  cylinder  and  the  condenser, 
through  which  the  feed-wrater  passes  to  tho 
boiler,  after  leaving  the  feed-pump.  The  engine, 
it  is  alleged,  will  drive  six  pairs  of  four-feet  mill- 
stones, with  a  consumption  of  2  lb.  of  coal  per 
indicator  horse-power  per  hour. 


CHAPTER  X. 

SUNDRY  STEAM-ENGINES. 

Messrs.  J.  W.  Gray  <fc  Sou,  London,  exhibited 
a  41  spherical  steam-engine "  in  operation,  con- 
sisting of  two  glol>e.s  15  inches  in  diameter, 
within  each  of  which  a  piston  or  leaf,  fixed  on  a 
central  boss  10  inches  in  diameter,  vibrated  on 
a  rocking- shaft,  and,  by  means  of  an  external 
lever,  transmitted  the  motion  to  a  horizontal 
!  crank-shaft  by  a  connecting-rod.    The  professed 
I  object  in  this  engine  is  to  gain  a  greater  degree 
|  of  efficiency  than  in  ordinary  engines,  by  means 
1  of  leverage.     With  vast  areas  of  rubbing  Bur- 
1  face  and  radiating  surfaces,  and  the  hopeless- 
ness of  the  old-fashioned  mechanical  fallacy  iu- 
|  volved  in  the  machine,  it  could  scarcely  do  more 
than  move  itself  ;  and,  upon  the  whole,  it  fairly 
embodied  steam  in  agony. 

Messrs.  Bunnett  iis  Co.,  London,  exhibited 
their  good  old  concentric  engine,  in  which  there 
are  two  pistons  rocking  upon  a  central  shaft, 
within  a  cylinder,  and  central  with  it  The 
engine  was  applied  to  work  Lloyd's  fan,  and  also 
to  show  Messrs.  Bunnett  it  Co.'s  brick-making 
machine  in  motion,  which  it  did  very  well. 

Mr.  J.  Davis,  Ulverston,  exhibited  Davis  <fc 
Evans's  " jixeil-valve  oscillating  engine"  with  an 
oscillating  cylinder,  intended  to  obviate  tho 
objections  to  the  ordinary  forms  of  oscillating 
engines,  in  which  the  steam  is  admitted  to  the 
cylinder  through  openings  in  the  wearing  sur- 
faces of  the  trunnions  and  bearings.  With  that 
object,  the  valvular  surfaces  are  formed  in 
vertical  planes  or  discs,  at  light  angles  on  the 
trunnions,  so  as  not  to  be  materially  affected  by 
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vertical  wear.  Nevertheless,  they  are  exposed 
to  the  inequality  of  wear  peculiar  to  flat  revolv- 
ing surfaces  in  contact 


CHAPTER  XI. 

FOREIGN  STATIONARY  ENGINES. 

France.—  MM.  Farcot  <fc  Sons,  Port  Saint- 
Ouen,  exhibited  a  direct-acting  horizontal  con- 
densing steam-engine,  of  60-horse  jK>wer,  arranged 
to  l>e  worked,  if  need  be,  without  condensation. 
It  has  a  single  cylinder  25£  inches  in  diameter, 
51  inches  stroke,  with  a  steam-jacket.  Cutting 
off  at  115th,  and  making  thirty-six  revolutions 
]>er  minute,  with  75  lb.  steam,  the  engine  is  .said 
to  consume  only  one  kilogramme  (2*205  lb.)  of 
coal  |x:r  indicator  horse- power  per  hour.  The 
governor  acts  in  connection  with  the  expansion- 
gear,  in  which  a  doublo  cam  is  applied  to  act 
U|K>n  the  exi>an8iou-blocks  or  pieces  on  the  back 
of  the  slide-valve  within  the  steam-chest.  The 
air-pump  and  condenser  are  placed  l>elow  the 
sole-plate  beyond  the  cylinder,  and  the  air-pump 
is  worked  by  a  link  from  a  lever  moved  by  tho 
cross-head.  The  crank-shaft  l>earing  is  parted 
vertically.  The  fly-wheel  is  23  feet  in  diameter, 
of  which  the  rim  is  divided  by  a  central  flange 
into  Inairings  for  the  two  driving-belts  employed 
in  driving  a  portion  of  the  French  machinery. 
The  governor  of  this  engine,  peculiarly  designed, 
will  bo  noticed  in  a  following  chapter  upon 
"  Governors." 

M.  Lecouteux,  Paris,  exhibited  a  horizontal 
condensing  steam-engine,  of  60-horse  power,  with 
a  25J-inch  cylinder,  4  feet  9  inches  stroke.  The 
condenserand  the  air-pump  are  situated  underthe 
Imse-plate,  and  worked  by  a  lever  from  the  cross- 
head.  The  engine  made  thirty-five  revolutions 
per  minute,  and  worked  a  portion  of  the  French 
machinery.  The  crank -shaft  bearing  is  made 
with  a  vertical  parting.  The  pressure  is  partially 
removed  from  the  back  of  the  slide-valve  by  a 
counter- plate,  packed  with  india-rubber.  The 
steam-ports  are  only  S\  inches  by  2  inches  ;  the 
exhaust-ports  are  the  same  size, — much  too  small 
for  the  free  jmssage  of  steam,  without  incurring 
back -pressure.  The  same  remark  applies  to  the 
engine  of  MM.  Farcot,  in  which  the  steamqiort 
is  only  GJ  inches  by  2  inches,  for  a  25^-inch 
cylinder. 

"  MM.  J.  F.  Cail  it  Co.,  Paris,  exhibited  a 
horizonUU  engine,  with  a  14^ -inch  cylinder. 
The  l>carings  of  the  crank-shaft  are  placed  widely 
apart,  at  equal  distances  from  the  centre  rim  of 
the  cylinder,  one  on  each  side  of  the  crank,  which 
has  two  arms,  with  two  overhung  fly-wheels,  one 
at  each  end.  Space  is  thus  obtained  for  the 
valve-gear  excentrics  inside  the  axle-bearing ; 
ami,  to  opjiose  the  leverage  of  tho  cylinder,  the 
arms  of  the  crank  divergo  towards  each  bearing 
as  an  abutment,  which  is  a  stronger  form  than 


with  the  ordinary  ]>arallel  crank-arms.  A  sepa- 
rate expansion-valve,  in  two  pieces,  on  Meyer's 
system,  is  applied,  variable  by  hand  with  a  right- 
and-left  screw,  and  worked  by  a  separate  ex- 
centric. 

MM.  Cail  &  Co.  exhibited  also  a  horizontal 
air-pumping  engine,  generally  arranged  bike  the 
other  engine,  with  an  1  U  inch  cylinder,  having 
steam -porta  4 }  inches  by  inch,  or  only 
l-28th  of  the  area  of  the  piston,  which  is  too 
small  a  proportion,  and  must  occasion  injurious 
back  -  pressure.  There  are,  as  in  the  other 
engine,  two  fly-wheels,  and  the  air-pump  is 
worked  by  a  continuation  of  the  piston-rod  ; 
the  pump-valves  are  worked  off  the  crank-shaft 

MM.  Varrall,  Elwell,  <fc  Poulot,  Paris, 
exhibited  a  horizontal  steam-engine  with  one 
cylinder.  The  frame  consists  of  a  hollow  casting 
without  mouldings,  in  the  style  of  the  modern 
English  tool-framing,  neatly  formed  and  finished. 
A  separate  variable  expansion-valve,  on  Meyers 
system,  is  applied.  The  feed-pump  is  worked 
direct  from  the  cross-head,  and  has  an  air-vessel. 
The  lower  guide-bars  are  cast  upon  the  base, 
entirely  apart  from  the  cylinder,  and  in  doing 
so  it  is  expected  of  course  that  provision  for 
wear  is  scarcely  requisite,  where  the  cross  head 
slides  chiefly  upon  the  upper  and  adjustable  bare, 
which  are  bolted  to  the  lower.  The  frame  for 
the  governor  is  a  hollow  casting ;  the  governor 
is  parabolic,  and  is  fitted  with  a  central  dead 
weight  of  100  lb.,  movable  uj»on  the  spindle, 
as  in  Porter's  governor.  The  bright  work  of 
this  engine  is,  as  in  English  engines,  finished 
chiefly  in  the  lathe.  This  was  the  best-looking 
horizontal  engine  in  the  foreign  section. 

MM.  Laurens  «fc  Thomas,  Paris,  exhibited 
drawings  of  a  horizontal  condensing  engine,  in 
which  the  entire  surface  of  the  cylinders  at  the 
sides  and  ends  is  covered  by  steam-jackets. 
Variable  expansion-gear,  on  Edwards's  system, 
is  applied,  with  a  pair  of  three-ported  slides  or 
grids  on  the  back  of  the  valve.  The  valve  is 
worked  in  the  usual  manner,  with  one  excentric ; 
the  grids  moving  with  the  valve  are  arrested  by 
an  adjustable  wedge  in  the  valve-chest  between 
the  grids,  and  the  valve  moving  on,  the  ports 
aro  closed  and  the  steam  is  cut  off  for  expansive- 
working.  By  means  of  the  wedge,  or  "  slide," 
as  it  is  called,  the  steam  may  be  cut  off  at  1  - 1 2th 
or  1-1 5th  of  the  stroke.  The  grids  are  restored 
to  their  proper  position  on  the  back  of  the  valve 
for  the  admission  of  steam  by  means  of  tapj)ets 
in  the  valve-chest,  one  at  each  end.  "  The 
slide,"  it  is  considered  by  the  exhibitors,  "  is 
particularly  adapted  for  ]K>werful  engines,  and 
has  been  applied  on  engines  of  200-horse  power; 
it  works  at  speeds  where  a  cam  [the  method 
of  Farcot]  could  not  effectively  command  the 
sliding -plates."  Engines  of  this  class  are  said 
to  consume  only  17  lb.  of  steam  per  indicator 
horse-power  per  hour,  equivalent,  with  a  good 
boiler,  to  about  2  lb.  of  coal  per  horse-fiower  per 
hour. 
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The  fly-wheel  is  built  in  two  half-widths,  the 
rim  being  split  all  round  the  circumference  and 
the  halves  riveted  together  —  an  elaborate  con- 
trivance, apparently  to  make  a  more  strongly- 
built  wheel.  The  condenser,  of  cast  iron,  is 
ribbed  in  the  interior,  to  increase  the  wet  cooling 
surface,  and  the  water  for  condensation  is  intro- 
duced, and  spread  from  a  conical  orifice  with  an 
adjustable  plug.  The  air-pump,  double-acting, 
is  placed  in  an  oblique  position,  beneath  the 
lied-plate,  and  is  worked  by  a  lever  from  the 
cross-head.  Larivicre's  pneumatic  governor  is 
applied,  and  operates  u[>on  the  expansion-gear 
for  the  regulation  of  the  sj>eed. 

M.  Quillacq,  Anrin,  exhibited  a  pair  of  hori- 
zontal winding  engine$,  with  24-inch  cylinders, 
for  working  coal-mines,  which,  like  Messrs. 
Thomwill  &  Warhani's  engine,  are  connected 
direct  to  the  drum-shaft  There  are  two  liandles, 
one  to  work  the  valves,  the  other  to  work  the 
brake.  In  this  respect  Messrs.  Thornwill  & 
Warham's  engine  is  better  designed,  the  brake 
being  worked  by  the  foot,  leaving  only  the 
valves  to  be  worked  by  hand 

The  Prince  de  Polignac,  Paris,  exhibited  a 
steam-engine  with  a  curved  cylinder,  the  cylinder 
lM-ing  a  segment  of  a  ling.  The  piston  recipro- 
cated within  the  cylinder,  vibrating  upon  a 
central  rocking-shaft,  with  which  the  two  ends 
of  the  piston-rod  were  connected,  and  from 
which  tlie  motion  was  transmitted  by  a  lever 
and  connecting-rod  to  the  crank  shaft. 

Beixjium. — M.  Scribe,  Ghent,  exhibited  a 
double-cylinder  horizontid  engine  of  30-horse 
jH>wer,  on  Woolfs  system.  The  cylinders  are 
placed  end  to  end  on  one  base-plate,  the  larger 
cylinder,  29  inches  in  diameter,  placed  behind 
the  smaller  cylinder,  \\\  inches  in  diameter. 
Two  piston-rods  from  the  larger  cylinder  pass 
forwards,  one  on  each  side  of  the  smaller  cy Un- 
der, and  guided  by  it,  and  join  the  piston-rod 
from  the  latter  at  one  cross-head,  from  which 
the  connecting-rod  proceeds  to  a  single  crank, 
with  3  feet  6  inches  stroke.  The  capacities  of 
the  cylinders  are  as  1  to  4,  and  the  steam  being 
admitted  to  the  smaller  cylinder  for  the  whole 
of  its  stroke,  is  expanded  to  five  times  its  original 
volume;  but  the  expansion  is  variable.  The  valves 
are  moved  by  a  single  excentric.  The  pistons 
thus  moving  together  in  the  same  direction,  it 
follows  that  the  steam  from  the  extreme  end  of  the 
smaller  cylinder  is  expanded  into  the  extreme  end 
of  the  larger,  through  a  long  passage,  whilst  the 
steam  from  the  near  end  of  the  smaller  cylinder 
passes  to  the  near  end  of  the  larger  through  a 
short  passage.  This  arrangement  is  simple  and 
accessible,  but  is  cumbrous  by  its  length.  It  is 
a  good  typo  of  engino  for  the  service  of  mills 
where  there  is  plenty  of  room.  The  exhibitor 
claims  the  following  "  unquestionable  advan- 
tages "  for  his  engine  : — 40  per  cent,  less  cost  as 
compared  with  beam-engines,  and  a  saving  in 
foundations,  dec. ;  as  it  requires  less  than  half  the 


foundation  needed  for  beam  and  vertical  engines. 
He  states  that  one  of  his  engines  was  put  down 
beside  a  beam  Woolf  engine  of  CO-horse  power, 
and  that  whilst  this  engine  works  at  the  most 
50-horse  power  continuously,  h  is  j>erform8  60-horse 
power  at  the  same  work,  with  a  saving  of  18 
per  cent,  in  fuel,  which  he  ascribes  to  the  few- 
ness of  parts  and  a  reduction  of  friction. 

M.  de  Landtsheer,  Brussels,  exhibited  draw- 
ings of  a  Iwrizontal  double-cylinder  engine,  in 
which  the  cylinders  are  placed  side  by  side,  and 
work  upon  opposed  cranks,  so  tliat  the  steam 
from  the  smaller  cylinder  is  exhausted  into  the 
same  end  of  the  larger,  through  the  shortest 
practicable  passages ;  in  this  res]>ect,  this  engine 
compares  favourably  with  IriL  Scribe's,  just 
described 

M.  L.  Perard,  Liege,  exhibited  a  horizontal 
blowing  engine  with  two  cylinders,  on  Fossey's 
principle,  of  200-horse  power.  The  steam- 
cylinders,  non- condensing,  are  directly  con- 
nected to  the  ends  of  a  crank-shaft,  with  a  fly- 
wheel to  regulate  tho  movements  ;  and  the  two 
blast -cy  binders  are  placed  behind  tho  steam- 
cylinders,  worked  by  continuations  of  their  re- 
spective piston-rods.  The  engines  are  fitted 
with  Meyer's  variable  expansion-gear,  having 
two  excentrics,  and  a  cut-off  valve  in  two  pieces 
on  the  back  of  the  ordinary  valve,  adjustable  on 
a  right-and-left-hand  screw.  The  steam-cylinders 
are  about  19 \  inches  in  diameter,  with  27  \  inches 
of  stroke,  and  are  regulated  to  make  seventy-two 
revolutions  per  minute.  Tho  peculiarity  of  the 
blast- cylinders  consists  in  the  substitution  of 
revolving  jwrforated  discs  at  lx>th  ends  of  the 
cylinders,  for  the  ordinary  clack-valves, — acting, 
in  fact,  as  slide-valves, — revolved  by  means  of 
gearing  from  the  fly-wheel  shaft.  Each  cylinder 
is  made  with  a  jacket  cast  round  it,  with  an 
interspace  into  which  the  air  is  delivered  from 
the  cylinder,  and  from  which  it  is  discharged 
iuto  the  receiver.  There  are  sixteen  apertures 
in  each  disc,  and  a  corresponding  number  of 
apertures  in  the  ends  of  the  cylinder,  which  are 
alternately  o|>ened  and  closed  by  the  revolving 
disc, — opened  for  the  admission  of  air  into  the 
cylinder  when  the  piston  recedes,  and  closed 
when  the  piston  advances,  that  the  air  may  be 
expelled  into  the  jacket,  and  thence  to  the  main. 
As  there  are  sixteen  apertures  in  the  discs,  they 
revolve  one-sixteenth  of  a  turn  for  each  double 
stroke  of  the  piston,  or  make  one  complete  re- 
volution for  sixteen  of  the  engine.  The  united 
areas  of  the  apertures  at  each  end  amount  to  only 
one-fifth  of  the  area  of  the  blowing  piston,  for 
inlet  and  outlet;  whereas,  in  English  engines,  the 
inlet  area  through  flap-valves  is  preferred  to  lw 
one-half  the  area  of  the  piston,  and  the  outlet  a 
fourth.  The  whiz  and  labouring  of  the  blast- 
cylinders,  with  so  limited  an  area  for  admission, 
were  very  sensible  to  observers.  The  revolving 
discs  will  no  doubt  wear  loose  and  leaky  ;  and 
there  is  nothing  in  their  design  which  is  likely 

tosultersede  the  flaos. 
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Prussia. — The  Magdeburg-Hamburg  Steam 
Navigation  Company,  Magdeburg,  exhibited  a 
Turn-condensing  horizontal  engine,  on  Corliss's 
system  of  variable  expansive  working  —  an 
American  invention.  The  distribution  of  the 
steam  is  worked  by  means  of  four  cylindrical 
valves, — two  for  the  admission  of  steam,  and 
two  for  the  exhaust,  one  of  each  at  each  end  of 
the  cylinder,  with  the  shortest  practicable  steam 
passages  to  and  from  the  cylinder.  The  four 
valves  are  worked  by  a  rocking  motion  from 
one  excentric,  which  rocks  a  disc  on  its  centre  ; 
from  the  circumference  of  the  disc,  the  motion 
is  communicated  by  four  rods  carried  to  and  j 
connected  with  levers  on  the  spindles  of  the  | 
valves.  The  steam -valves  are  opened  slowly,  so 
M  to  obviate  any  shock  from  the  entering  steam,  j 
with  an  accelerated  motion  ;  but  they  are  quickly 
closed  by  means  of  a  "nip  cut-off,"  by  which 
each  valve  is  liberated  or  detached  from  the 
valve-gear,  and  is  closed  by  a  descending  weight 
brought  into  action.  The  descent  of  the  weight 
is  controlled  by  a  "  dtth-pot,"  a  cataract  motion, 
consisting  of  a  vessel  containing  a  plunger  which 
falls  freely  during  the  first  part  of  the  descent, 
and  is  arrested,  without  shock,  upon  a  cushion 
of  air  or  of  water  confined  by  the  plunger  itself 
in  the  lower  part  of  the  vessel,  which  it  is  made 
to  fit  closely.  The  exhaust-valves  move  quickly, 
and  make  a  large  opening  for  the  escape  of  the 
steam. 

The  Sprottau  Iron-Foundry,  Wilhelmshiitte, 
Liegnitz,  exhibited  another  non-condensing  fiori- 
zontal  engine,  on  Corliss's  system,  similar  in  all 
respects  to  that  just  descriljod. 

Engines  like  those  were  first  built  in  the 
United  States ;  but  whilst  the  nip  cut-off  and  the 
alternate  fast  and  slow  motion  of  the  exhaust- 
valves  is  retained,  a  spring  is  now  used  instead 
of  a  weight,  for  more  rapidly  closing  the  steam- 
valves.  The  object  of  thus  rapidly  closing  the 
Rtcain-valves  is  to  gain  in  efficiency  of  steam,  by 
reducing  or  altogether  obviating  the  wire-drawing 
of  the  steam,  which  is  incidental,  in  a  greater 
or  less  degree,  to  the  action  of  the  Ordinary 
slide-valve.  One  good  feature  is  to  Ihj  observed 
in  the  large  steam-passages,  having  an  area  one- 
tenth  of  that  of  the  piston — allowed  for  the  five 
ingress  and  egress  of  the  steam.  But  there  are 
weighty  objections  to  the  system  in  its  details. 
A  disengaging  motion  for  the  valves,  which 
acts  in  each  revolution,  is  not  admissible  in 
modem  practice  with  high-sj>eed  engines,  and  is 
in  any  case  objectionable.  Whilst  the  weights 
were  employed  to  move  the  nip  cut-off,  the 
engines  could  not  with  ease  make  mure  than 
forty  revolutions  per  minute  ;  the  substituted 
springs  have  enabled  the  engines  to  bo  moved 
safely  at  sixty  revolutions  per  minute.  Another 
great  objection  is  to  1m;  found  in  the  irregularity  of 
the  cut-off,  owing  to  the  want  of  precision  of  the 
valve-gear, — varying  occasionally  from  an  ad- 
mission of  steam  throughout  the  stroke,  to  an 
admission  of  nothing  at  all, — and  involving  a 


very  heavy  fly-wheel  to  neutralize  those  violent 
fluctuations  of  force. 

M.  F.  A.  Egells,  Berlin,  exhibited  a  beam- 
engine,  on  Woolf  s  system,  of  30-horse  power. 
The  beam  is  carried  on  a  strong  central  column, 
ornamented  ;  but  the  base-plate  is  a  mere  plate- 
without  depth,  bedded  on  beams  of  wood, — an 
inferior  arrangement  The  valves  are  worked 
by  means  of  cams  driven  from  the  fly-wheel 
shaft,  with  a  motion  taken  off  to  drive  the 
governor, — a  somewhat  complex  motion.  The 
rim  of  the  fly-wheel  is  constructed  in  two  thick- 
nesses, breaking  joint  and  bolted  together, — a 
costly  plan.  The  covers  of  the  plumnior-hlocks 
of  the  crunk-shaft  liearings  are  fixed  with  four 
bolts ;  two  would  be  simpler  and  in  better 
practice. 

Saxon  v. — M.  R.  Hartmann,  Chemnitz,  ex- 
hibited a  20-horse  power  horizontal  comknsing 
steam-engine,  with  a  17- inch  cylinder,  having 
38  inches  stroke,  steam-jacketed.  It  is  fitted 
with  Meyer's  expansion -gear,  in  two  blocks 
working  on  the  back  of  the  valve,  adjustable  by 
a  right-and-left-hand  screw,  intended  to  vary  the 
admission  from  the  whole  of  the  stroke  to  one- 
fourth  of  it  The  condenser,  air-pump,  water- 
pump,  and  feed-pump  are  placed  by  themselves 
on  a  frame  at  the  back  of  the  engine,  and  are 
worked  from  a  separate  shaft  parallel  to  the 
engine,  driven  by  mitre-wheels  from  the  crank- 
shaft. 

Sweden.  —  M.  E  Scheutz,  Stockholm,  exhi- 
bited a  rotary  steam  -  engine,  made  by  Messrs. 
Bolinder,  in  which  the  "cylinder"  and  pistons 
are  formed  slightly  conical  —  not  actually  cylin- 
drical, as  heretofore — to  afford  a  means  of  readih 
taking  up  longitudinally  the  wear  of  the  rub- 
bing surfaces.  There  are  six  radial  sliding  dia- 
phragms in  the  piston,  which  move  in  and  out 
twice  in  each  revolution.  The  friction  of  sli- 
ding radially  is  reduced  by  insuring  equal  pres- 
sures of  steam  on  both  sides  of  the  diaphragms 
whilst  so  sliding.  The  engine  can  be  made  to 
work  expansively.  A  pressure  of  about  1£  lb. 
jH-r  square  inch  Is  sufficient  to  keep  the  engine 
alone  in  motion.  The  mean  radius  of  the  body 
of  the  piston  is  6-6  inches,  and  that  of  the 
cvlinderis  7 "44  inches  ;  and  the  useful  or  work- 

w 

ing  surface — namely,  that  of  the  diaphragms — 
is  only  I  inch  wide,  the  length  Wing  8f  inches, 
giving  for  two  diaphragms  a  working  area  of 
1.3 1  square  inches,  with  a  lineal  extent  of  rub- 
bing surface  on  the  interior  of  the  cylinder  of 
six  times  8  J  inches,  or  52 £  inches.  An  ordinary 
round  piston  of  the  same  working  area  has  only 
14  lineal  inches  of  circumferential  rubbing  sur- 
face, which  is  one-third  of  that  of  the  rotary 
engine.  This  engine,  tested  by  the  friction- 
brake,  yielded  4  2  horse-power,  making  200  re- 
volutions ]>er  minute,  with  a  steam-pressure  of 
.'{.r>  lb.  It  is  in  advance  of  other  rotary  engines 
in  the  facilities  of  adjustment  for  wear ;  but  the 
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Figs.  2»5. 


frictional  resistance  is  likely  to  be  ex- 
cessive, when  compared  with  that  of 
the  ordinary  reciprocating  engine  (figs. 
295). 

United  States. — Mr.  C.  T.  Porter, 
New  York,  exhibited  a  horizontal 
engine,  known  as  the  "  Allen  Engine," 
with  variable  expansion -gear  {Plato 
XXVIII.).  It  has  an  8-inch  cylinder, 
with  24  inches  of  stroke,  and  it  made 
150  revolutions  per  minute.  It  Is  fitted 
with  Mr.  Porter's  governor,  which  regu- 
lates the  speed  by  acting  on  the  expan- 
sion-valve, and  so  varying  the  point  of 
cut-off,  instead  of  the  common  process 
of  wire-drawing  the  steam  by  acting 
on  the  throttle-valve.  There  are  two 
slide-valves  at  each  end  of  the  cylinder, 
— one  of  them  for  admitting  and  cutting 
off  the  steam,  and  the  other  for  ex- 
hausting it.  The  steam-valves  arc  very 
simple ;  they  work  upon  raised  facets, 
and  give  the  entrances  for  steam  into 
each  jx>rt, — one  entrance  in  the  usual 
way,  by  directly  uncovering  the  port, 
and  the  other  entrance  from  the  other 
end  of  the  valve,  which,  overlianging 
the  facet  uj>on  which  it  travels,  opens  a 
passage  for  the  steam  through  a  cavity 
on  its  under  side  (fig.  296).    It  thus 

Fig.  296. 


IIotauv  Sijum-Esgixs,  by  M.  E.  Sobeutx,  Stockholm. 


answers  the  purpose  of  a  gridiron-valve  ; 
but  it  is  more  simple  and  cotnjKict,  ami  it 
works  nearly  in  equilibrium  whenojiened 
for  steam.  The  eduction -valves  are 
similar  in  form,  but  larger  in  size. 
The  four  valves  are  worked  by  a  single 
exccntric  fixed  on  the  crank-shaft,  with 
its  centre  line  parallel  to  that  of  the 
crank.  The  exeentric-strap  forms  one 
piece  with  a  "link,"  more  properly  a 
slotted  lever,  of  which  the  movements 
are  similar  to  those  of  the  ordinary 
stationary  link,  worked  by  two  exccn- 
trics,  as  used  in  locomotives.  It  is,  in 
fact,  sustained  upon  a  vibrating  rod, 
pivoted  below,  and  roeks  or  tips  upon 
the  sustaining  rod.  The  horizontal  tra- 
vel of  the  upper  end  of  the  vibrating 
rod  is  of  course  equal  to  the  throw  of 
the  exccntric,  and  is  made  to  time 
exactly  with  that  of  the  piston ;  for 
this  purpose,  the  very  short  connection, 
analogous  to  what  in  ordinary  engines 
is  called  the  excentric-rod,  bears  the 
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name  ratio  to  the  length  of  the  travel  that  the 
length  of  the  connecting-rod  bears  to  the  stroke 
of  the  piston.  To  equalize  the  extent  and  dura- 
tion of  the  opening  of  the  ports  for 
steam  at  both  ends  of  the  cylinder,  for 
any  degree  of  expansion,  the  link  is 
so  hung  that  the  arc  described  by  the 
pin  which  sustains  it  Is  described  just 
below  the  centre-line  of  the  valve- 
motion  (tig.  297).  From  this  figure, 
which  is  intended  to  represent  the  suc- 
cessive position  of  the  link,  it  may  l>e 
seen  that  the  link  plunges  very  little. 

The  steam  anil  ex  haust-  valves  are 
separately  worked  from  this  link, — the 
latter  from  the  upper  end  of  it,  with 
an  invariable  motion,  transmitted 
through  a  rocking  shaft ; — the  former 
from  a  block,  the  elevation  of  which 
in  the  link  is  regulated  by  the  gover- 
nor, and  is  varied  for  various  degrees 
of  expansion.  The  two  steam-valves 
are  worked  from  the  samo  block 
through  separate  connections,  so  that, 
whilst  the  motion  of  the  one  ia  being 
accelerated,  that  of  the  other  is  being 
retarded.  They  are  worked  through 
rocking  levers  on  a  common  shaft, 
the  respective  motions  of  which  are 


the  crank  is  on  the  centre.  The  port  is  then 
open  to  the  extent  of  the  lead,  and  is  further 
opened,  as  the  crank  moves  round,  by  the  move- 
ment of  the  driving  and  driven 
W«  arms  of  the  lever  to  its  extreme 

iweitions  b,  b'.  Thence  they  re- 
turn to  the  points  c,  c',  the  other 
extremes  of  their  vibration*. 
The  annexed  indicator-diagram* 
(fig.  300,  page  321)  were  taken 
from  the  engine,  two  from  each 
end,  whilst  making  from  1 M  to 
loO  revolutions  per  minute. 
The  fluctuating  exixinsion-cun  es 
described  by  the  indicator  are 
reduced  in  the  figure  to  an  equi- 
valent regular  line  drawn  by 
hand.  They  are  excellent  ex- 
amples, and  show  the  good  pn>- 
portions  of  the  valve-gear.  Mr. 
Porter  is  a  strong  advocate  for 
high-speed  engines,  and  runs  his 
pistons  at  from  600  to  750  feet 
per  minute.  The  engine  exhi- 
bited was  employed  in  driving 
cotton  and  woollen  looms. 


represented  by  the  diagrams  (figs.  298, 
299),  related  resjiectively  to  the  move- 
ments forthe  crank  end  and  the  further 
end  of  the  cylinder.  Let  a  and  a'  (fig. 
298)  lxs  positions  of  the  arms  of  the 
rocking  lover  for  the  crank  end,  when 

Flo.  186. 


CHAPTER  XII. 

STATIONARY  STEAM-BOILERS. 

The  prevailing  type  of  station- 
ary toilers,  in  England,  is  the 
double-fiue  boiler,  consisting  of 
a  rylindrir.il  shell,  with  two  flues 
passing  through  it  from  end  to 
end,  of  which  the  near  ends  are 
fitted  up  as  furnaces ;  the  qua- 
lities for  the  possession  of  which 
this  type  of  boiler  lias 
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principally  adopted,  art?,  in 
the  main,  its  genuine  sim- 
plicity, its  straightforward 
construction,  and  its  general 
efficacy  and  ahility  to  fulfil 
the  various  requirements  of 
practice. 

Multitubular  boilers,  in 
a  variety  of  forms,  are  also 
constructed  and  used.  But 
they  are  to  be  reckoned  as 
special  boilers  for  particular 
situations,  where  space  is 
valuable,  and  compactness 
an  object.  They  are,  pro- 
liably,  also  more  efficient 
than  the  double-flue  boiler 

as  evaporators,  and  economisers  of  fuel,  but 
they  are  more  expensive  ;  and  there  is  no  doubt 
that  the  chief  quality  which  recommends  them 
for  adoption  is  their  reduced  bulk,  and  the 
greater  simplicity  of  their  installation.  Multi- 
tubular toilers  are  either  horizontal  or  upright, 
so  called  according  to  the  {>osition  of  the  flue- 
tul>es.  The  horizontal  toilers  are  either  made 
after  the  locomotive  ty]>e,  or  mixed,  having 
the  locomotive  flue-tubes,  with  a  common  lire- 
place. 

In  France,  the  multitubular  toiler  is,  perhaps, 
more  highly  appreciated  than  in  England ;  but, 
there,  every  other  consideration  is  secondary  to  the 
prime  object  of  economising  fuel,  which  is  costly. 
As  in  their  steam-engines,  so  in  their  toilers, 
they  have  given  evidence  that  this  is  so  ;  and  in 
the  immoveable  fire-tox  and  flue-tidies,  they  have 
presented  the  problem  of  a  compact  boiler  in  a 
fresh  light,  from  which,  probably,  English  engi- 
neers may  be  glad  to  take  a  hint 

Another  point  in  favour  of  the  multitubular 
toiler  is  its  comparative  safety  and  freedom 
from  violent  explosions,  as  compared  with  the 
large  double-flue  toiler,  in  virtue  of  the  small 
diameters  of  most  of  the  round  parts  directly 
ex|Mised  to  the  action  of  the  heat  A  steam- 
boiler  fails  when  the  internal  pressure  of  the 
steam  overpowers  the  strength  of  the  toiler  to 
withstand  the  pressure.  The  toiler  is  said  to 
rupture  only,  when  the  failure  is  not  accompanied 
by  a  sudden  or  extraordinary  development  of 
elastic  force, — the  material  of  the  boiler  giving 
way,  by  cracking  or  splitting  open,  and  afford- 
ing an  outlet  for  the  contained  water  and  steam. 
The  toiler  is  said  to  explode  when  the  failure  is 
accomjuiniod  by  an  extraordinary  development 
of  elastic  force, — the  toiler  being  rent  and  torn 
asunder  at  strong  places  and  weak  places,  fre- 
quently without  distinction.  When  merely 
ruptured,  a  toiler  rests  in  it*  place ;  when  ex- 
ploded, it  is  usually  torn  from  its  l>ed  and  pro- 
jected— more  or  less  nearly  entire,  or  in  fragments 
— to  considerable  distances  from  its  bed,  carrying 
with  it  or  repelling  whatever  opposes  its  pro- 
gress, moving  large  masses,  and  affording  other 
evidences  of  the  enormous  power  suddenly  de- 
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Ixdicatoi  Diagkamr,  from  Mr.  Port*r'i  Engine, 


veloped  as  a  consequence  of  the  failure  of  the 
boiler.     The  essential  distinction  between  the 
causes  of  ruptures   and  those   of  explosions 
appears  to   be   indicated   by  the  symptoms, 
namely,  the  non-production  of  extraordinary 
elastic  force  in  the  ease  of  ruptures,  and  the 
obvious  production  of  it  in  the  case  of  explo- 
sions.    The  violence  of  explosions  is  to  be 
ascritol  to  the.  projectile,  force  acquired  by  the 
particles  of  tenter  and  steam  iviUiin  tlie  boiler,  by 
reason  of  the  suddenly  developed  expansive  force 
of  the  steam  spontaneously  generated  in  the  boiler, 
concurrently  with  the  sudden  fall  of  pressure 
produced  by  the  sudden  escape  of  steam  from 
the  toiler,  at  the  locality  of  the  original  failure ; 
or  by  the  sudden  enlargement  of  its  volume  from 
any  cause,  as  the  collapse  of  a  flue,  for  example. 
The  particle*  of  water  and  steam  are  projected 
against  the  shell  of  the  toiler  at  an  enormous 
velocity,  like  as  many  bullets  or  small  shot, 
making  up  in  velocity  what  they  want  in  mass 
or  weight ;  and  they  communicate  their  centri- 
fugal momentum  to  the  material  of  the  toiler, 
necessarily   straining  it,  and,  when  powerful 
enough,  tearing  it  asunder,  and  thus  effecting 
an  explosion.    SjMice  or  latitude  is  required  for 
the  generation  of  such  projectile  velocity  and 
the  momentum  due  to  the  velocity ;  and  if  the 
water  were  confined  within  tubes  entirely  filled 
by  it,  there  would  be  no  projection  of  particles, 
and  no  explosive  momentum,  until  the  level  of 
the  water  descended  below  the  point  of  rupture, 
which  explains  the  fact  of  the  greater  safety  of 
water-tube  toilers.    The  action  of  the  projectile 
force  in  question  is  manifested  by  the  bulging 
outwards  of  the  flue-tubes  usually  to  bo  observed 
in  exploded  locomotive  toilers,  due  to  the  sudden 
generation  of  steam  amongst  the  tubes  ;  and  the 
new  theory  affords  an  exphuiation  of  the  frequent 
explosions  of  toilers  that  occur  immediately  after 
the  starting  of  the  engine,  when,  in  the  first 
place,  the  pressure  in  the  toiler  is  lowered  by 
the  sudden  admission  of  steam  to  the  engine, 
and  its  rapid  consumption  by  condensation  in 
blowing  through  condensing  engines,  succeeded 
by  the  immediate  spontaneous  generation  of 
fresh  steam,  and  a  discharge  of  projectiles  within 
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the  boiler.  The  famous  explosion  on  board  the 
Great  Eastern  steamship  may  be  similarly  ex- 
plained. The  feed-water  heater  consisted  of  a 
cylinder  surrounding  the  chimney,  forming  an 
annular  apace  filled  with  water  and  steam  at  a 
high  temperature  and  pressure.  The  chimney, 
being  unstayed,  collapsed  like  a  flue,  under  the 
pressure  on  its  outer  surface,  and  thus  occasioned 
a  sudden  enlargement  of  volume  within  the 
heater,  and  a  simultaneous  reduction  of  pressure ; 
the  steam  suddenly  and  spontaneously  generated 
expanded  against  the  collapsed  flue  and  re- 
funded on  the  casing,  projecting  water  with  it. 
The  moving  mass  of  steam  and  water  thus  sud- 
denly arrested  exjiended  it*  momentum  on  the 
casing,  ami  rended  it  asunder. 

Explosions  are  probably  in  many  cases  pre- 
ceded by  ruptures.  Circumstances  determine 
whether  a  rupture  shall  l>e  followed  by  an 
explosion.  Perhaps  the  occurrence  of  an  ex- 
plosion, in  ordinary  cases,  mainly  dermis 
ujHin  the  locality  of  the  rupture  under  water, 
or  above  water.  If  under  water,  water  only  is 
exiled,  causing  very  little  enlargement  of 
volume,  reduction  of  pressure,  or  internal  com- 
motion, and  therefore  unlikely  to  incur  explo- 
sion. If,  on  the  contrary,  the  rupture  tak»>s  place 
above  water,  steam  Issues  with  the  enormous 
velocity  due  jointly  to  its  comparative  lightness 
and  its  tension,  1,800  to  2,000  feet  ]>er  second, 
which,  of  course,  would  cause  the  evacuation  of 
the  steam -room  of  an  ordinary  boiler  instan- 
taneously through  a  very  small  oj>cning,  and 
therefore  an  instant  fall  of  pressure,  and  an 
instant  generation  of  steam,  and  the  projection 
of  water  and  steam  at  the  rate  of  many  hundred 
feet  per  second  within  the  boiler. 

This  new  theory  of  tin?  violence  of  boiler  ex- 
plosions, which  may  be  called  the  "  projectile 
theory,"  was  first  broached  by  the  Author  in 
1859,  and  published  by  him  in  the  Meduinic*' 
Magazine  for  February  10,  18G0.  It  is  suscejv- 
tible  of  a  variety  of  illustrative,  collateral,  and 
confirmatory  evidence  ;  and  whilst  it  Is  compa- 
tible with  other  and  partial  theories,  it  serves  to 
account  for  much  that  remains  otherwise  un- 
explained, with  respect  to  the  various  forms  of 
the  failure  of  steam-boilers.* 

*  The  rationale  of  the  peculiar  violence  often  at  lent!, 
ing  the  explotdons  of  boilers  formed  ti  subject  of  fre- 
quent, discussion  between  Mr.  /,.  Colburn,  of  New  York, 
and  the  Author,  in  1S.1!».  We  arrived  nt  the  conclusion 
that  the  spontaneous  disengagement  of  steam  from  tho 
water  in  the  boiler,  after  tho  pressure  on  the  water 
wu  more  or  less  relieved  by  tho  oscapo  of  the  steam 
nbovo  the  water  through  a  rupture,  had  something  to 
do  in  producing  tho  violent  disruption,  separation,  and 
projection  to  great  distances  of  portion*  of  the  ex- 
ploded  boiler  ami  other  heavy  masses.  Further,  the 
Author  suggested,  as  tho  form  of  notion,  that,  the 
steam  being  suddenly  disengaged  throughout  tho  body 
of  tho  water,  the  sudden  dispersion  and  projection  of 
tho  water  against  tho  hounding  surface*  of  the  boiler 
must  bo  the  consequence  of  the  efforts  of  tho  steam  to 
escapo,  and  that  this  must  bo  the  immediate  cause  of 
the  violence  of  its  explosive  action.    The  steam,  he 


Professor  Puxnkine,  in  an  instructive  paper 
"  On  the  Expansive  Energy  of  Heated  Water," 
read  at  the  Institution  of  Engineers  in  Scotland 
in  DeccmW,  1863,  point*  out  that  he  published, 
in  the  Philosophical  Transactions  for  1854,  the 
complete  solution  of  the  question  of  the  quantity 

argued,  must  carry  the  water  with  it,  and  by  the 
acquired  momentum  of  tho  steam  and  tho  water,  they 
must  be  carried  liko  shot  through  and  amongst  the 
bounding  surfaces,  and  would  deform  and  shatter  the 
materials  of  the  boiler  in  a  manner  not  to  lw  accounted 
for  by  simple  over-prossurc,  or  even  by  the  simple 
momentum  of  steam  alono.  This  explanation  was 
embodied  by  the  Author  in  the  letter  published  in 
tho  Mechanic*'  Magasine,  referred  to  in  tho  text. 

Mr.  Colburn  proposed  that  he  and  the  Author  should 
jointly  prepare  and  issue  a  pamphlet  on  tho  subject  uf 
this  new  theory  of  tho  violence  of  boiler  explosions,  to 
wluch  tho  Anthor  assented ;  and,  in  a  note  addressed 
by  Mr.  Colburn  to  him,  datod  November  23, 1859,  on 
the  subject  of  tho  pamphlet,  ho  expressed  a  wish  that 
tho  Author  should  write  a  brief  introduction,  stating 
tho  share  of  each  in  originating  tho  theory.  "I  be- 
lieve," ho  says,  in  explanation,  "  1  was  tho  one  to  sug- 
gest the  disengagement  of  steam  from  hot  water.  Ton 
confirmed  my  belief  in  various  ways,  and  yon  have 
given  mo  nearly  all  I  knew  of  the  action  of  steam  by 
momentum." 

As  Mr.  Colburn  subsequently  expressed  a  desire  to 
prepare  tho  pamphlet  by  himself,  tho  Author  with- 
drew from  the  arrangement  for  jointly  writing  it.  Bat 
it  plainly  appears  that  about  that  time  Mr.  Colburn 
made  no  claim  to  tho  projectile  theory  itself— which  be 
properly  ascribed  to  me — as  tho  rationale  of  tho  violence 
of  boiler  explosions.    The  Author  has  thought  it  right 
to  mako  this  brief  statement  of  the  leading  circsm- 
stances  attending  tho  origination  of  the  projectile 
theory,  not  so  much  that  he  regards  tho  question  of 
priority  or  "share"  in  originating  tho  theory  as  in 
itsolf  of  any  groat  moment,  but  chiefly  that  he  mar 
set  himself  right  with  tho  public  on  a  point  of  veracity, 
—Mr.  Colbnrn  having  more  recently  laid  claim  to  the 
initiation  of  the  idea  of  percussive  action,  and  bavin!: 
referred  to  his  own  contributions  to  tho  Engineer  on 
tho  subject,  as  ovidence  of  Mb  priority  of  claim,  by 
reason  of  prior  publicity.    But  it  is  to  bo  observed,  in 
tho  first  place,  that  it  was  understood  between  him 
and  tho  Author,  that,  pending  the  preparation  of  the 
proposed  joint  pamphlet,  he  should  air  tho  subject  in 
the  columns  of  the  Engineer,  and  mature  it  for  discus- 
sion in  the  pamphlet,— he,  bo  it  remembered,  to  write 
tho  body  of  the  pamphlet,  the  Author  to  write  only  the 
introduction,  as  aforesaid.  When,  therefore,  he  broke  up 
the  arrangement  for  a  joint  authorship  of  the  pamphlet, 
monopolizing  it,  with  tho  publicity  attending  it,  for 
himself,  and  then  pointed  to  interim  articles  in  the 
EnginttT  as  evidence  of  prior  publicity,  aud  therefore 
of  a  prior  claim  to  originality,  one  is  apt  to  imagine 
that  a  breach  of  good  faith  was  committed. 

Under  the  circumstances,  — subsequently  to  the 
termination  of  the  arrangement  for  jointly  writing  the 
pamphlet,  but  prior  to  the  publication  of  it  by  Mr. 
Colburn, — tho  Author  published  his  letter  on  boiler  ex- 
plosions in  tho  Mechanics'  Magazine  of  the  10th  Feb- 
ruary, 1800,  in  order  to  forestal  any  further  possible 
attempts  to  monopolize  the  merit  of  the  origination  of 
the  projectile  theory ;  and  so  little  did  Mr.  Colburn  be- 
fore that  time  recognize  tho  essence  of  tho  theory,  that, 
in  airing  the  subject  in  the Engineimit  November  4, 1*W. 
he  altogether  ignored  tho  water  in  the  boiler  as  a  pro- 
jectile. "  To  believe  that  the  steam  [disengai.'cd  from 
the  water]  would  act  by  percussion,"  says  he,  "  in  » 
manner  resembling  the  action  of  non-elastic  bed"* 
projected  into  contact  [ ! !  ] ,  is  all  that  is  necessary  w 
understand  tho  process  of  a  boiler  explosion."  And 
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of  mechanical  energy  which  a  given  weight  of 
water,  heated  to  a  given  temperature,  is  capable 
of  exerting  in  the  act  of  pai-tiidly  evaj)orating, 
without  receiving  heat,  until  it  falls  to  a  given 
lower  temperature.  He  gives  the  annexed 
table,  showing,  in  the  first  column,  the  tem- 
perature of  the  water ;  in  the  second  column, 
the  expansive  energy  of  one  pound  of  water; 
in  the  third  column,  the  velocity  which  that 
energy  would  impress  on  a  projectile  of  the 
weight  of  the  water  itaelf,  one  pound  ;  in  the 
fourth  column,  the  final  volume  of  expansion  of 
the  water  and  steam  in  cubic  feet  per  pound  ;  in 
the  fifth,  the  absolute  pressure  in  pounds  ]K*r 
square  inch. 


Initial 

Velocity. 

Final 
Expansion. 

Initial 
Altaolute 
Pressure. 

'  Fahrenheit. 

Foot 

Feet  per 

Cubic 

Pounds  per 

pounds. 

Second. 

Feet. 

Square  Inch. 

212° 

0 

0 

o-oo 

14-70 

218 

72G 

211 

095 

2883 

284 

2,779 

423 

1-87 

52-52 

320 

6,052 

621 

273 

89  86 

356 

10,122 

819 

356 

115-8 

302 

15,826 

1,010 

436 

2250 

428 

22,156 

1,191 

511 

336-3 

about 

about 

about 

2,300 

912,500 

7,666 

26-36 

unknown 

United  Kingdom. — The  boilers  employed  to 
supply  steam  for  the  service  of  the  Western 
Annex,  were  constructed  by  Messrs.  Benjamin 
Hick  «fc  Son,  Bolton,  an  old  and  celebrated  firm. 
They  were  six  in  number,  30  feet  long,  feet 
in  diameter,  with  two  flues  2  feet  G  inches  in 
diameter.  The  shells  were  of  ^  inch  best  Staf- 
fordshire plate,  and  the  ends  g  inch  thick.  The 
flues  were  all '{  inch  thick,  of  best  double-worked 

further  on  ho  remarks, — "  that  steam  suddenly  din- 
charged  acquires  momentum  like  any  solid  l>ody,  and 
that  it  is  this  momentum,  discharged  by  suddenly  dis- 
engaged steam,  that  produces  tho  more  destructive 
consequences  by  which  boiler  explosions  arc  so  often 
accompanied." 

In  the  second  place,  that  Mr.Colbnrn  did  after  all  first 
suggest  the  ditengagemc-nt  of  steam  from  tho  water  is 
not  strictly  correct.  What  ho  really  first  suggested 
was  that  all,  or  nearly  all,  the  heutcd  water,  when 
relieved  of  tho  Bnpcrincumbent  pressure,  was  flashed 
into  steam  (seo  tho  Engineer,  September  23,  1859) ; 
and  for  this  idea,  however  absurd,  ho  was  indobted  to 
Mr.  Jacob  Harshman,  of  Dayton,  U.S.,  whose  views  on 
explosious  had  been  published  in  tho  Engineer  a  few 
weeks  previously.  But  even  if  ho  had  suggested  tho 
spontaneous  disengagement  of  steam  from  tho  water, 
in  tho  case  of  tho  rupture  of  a  boilor,  ho  had  long 
before  been  anticipated  by  others,  of  which  there 
ia  tho  sort  of  evidence  which  alone  ho  appears  to 
recognize,  namely,  publication.  (For  additional  dis- 
cussion  on  this  matter,  see  the  Mechanic*'  Magazine  for 
May  3  and  10,  1861 }  and  for  September,  October, 
and  November,  1863.) 


Staffordshire  plates,  except  at  the  furnaces,  which 
were  made  of  Bowling  plates.  The  longitudinal 
joints  of  the  flues  were  welded,  and  their  croas 
joints  were  made  flush,  and  covered  with  T  iron 
circular  ribs  to  strengthen  them,  on  the  principle 
originally  and  perseveringly  advocated  by  Mr. 
Win.  Fairlxiirn.  The  circular  ribs  are  now  gene- 
rally recognised  as  a  sound  and  most  effective 
application  for  stiffening  flues  subject  to  collap- 
sing steam,  and  they  are  one  of  the  best  things, 
if  not  actually  the  fo-st  thing  that  has  been  done 
for  cylindrical  fonlers  since  the  application  of 
double  internal  flues.  Mr.  Fairbaim  found  that 
the  power  of  resistance  of  a  plain  tulie  to 
external  pressure  varies  inversely  as  the  unsup- 
ported  length  of  the  tube,  inversely  as  the 
diameter,  and  inversely  as  the  square  of  the 
thickness. 

Supplementary  to  these  boilers,  three  addi- 
tional fonlers  were  supplied  and  erected  by 
Mr.  Henry  Cater,  on  his  system.  They  are 
described  in  the  subjoined  notice. 

Mr.  Henry  Cater,  London,  exhibited  a  model 
of  his  multitubular  boiler,  consisting  of  a 
cylindrical  shell,  containing  two  strata  of  flue- 
tubes,  to  conduct  the  products  of  combustion 
from  the  l>aek  of  the  furnace  and  flue  under  the 
boiler,  to  the  front,  into  a  small  fo>x,  and  again 
to  the  hack  of  the  fouler,  and  thence  to  the 
chimney.  Thus  the  lower  half  of  the  shell  is 
entirely  exposed  to  the  direct  heat  of  the  furnace. 
This  boiler  occupies  afomt  half  the  space,  and  re- 
quires about  two-thirds  of  the  quantity  of  brick- 
work needed  for  an  ordinary  double-flue  boiler  of 
equal  power.  It  is  an  efficient  and  practical 
boiler. 

Messrs.  W.  ic  J.  Calloway,  Manchester,  ex- 
hibited a  model  of  the  Galloway  boifa',  well 
known  by  their  name,  which  is  made  wit  It  two 

Fio.  301. 


1    -  : 


 :/  at. 


TBI  Galloway  Boilm,  with  Tertieal  wa4*r-"  tubs*,"  bj  Mesars. 
W.  A  J.  U  alio  way,  r 


internal  furnaces  joined  to  a  large  oval  flue 
within  the  boiler ;  in  the  oval  flue  there  are  « 
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number  of  vertical  conical  water-passages,  uniting 
the  top  and  the  l>ottoni,  bo  that  a  free  circulation 
of  water  is  maintained,  and  a  free  delivery  of 
st. mih,  whilst  a  considerable  addition  to  the 
heating  surface  is  effected.  It  is  a  species  of 
"  water-tube  "  lioiler ;  and  the  vertical  passages 
being  placed  in  the  thoroughfare  of  the  draft, 
they  promote  also  the  mixture  and  combustion 
of  the  gases,  making  a  generally  good  and  effi- 
cient boiler  (fig.  301). 

Messrs.  Thomas  Dunn  ib  Co.,  Manchester, 
exhibited  an  upright  boiler,  on  an  effective  prin- 
ciple,— that  of  jMirtly  detaining  the  products  of 
combustion,  and  reversing  the  draft  downwards. 
The  boiler  is  cylindrical,  with  a  domed  lire- 
box  within,  divided  transversely  by  the  water- 
partitions.  There  are  two  grates — one  on  the 
outer  side  of  each  partition — and  the  currents 
ascending  from  them  meet  at  the  crown,  are 
deflected,  and  descend  through  the  central  flue 
formed  by  the  two  partitions  (tig.  302).  Another 

Fin.  3112. 


Upbioht  11oti.ii«.  with  down-draupht ;  by  Mean*. 
TbomM  bunn  &  Co.,  Manchester. 

boiler,  a  modification  of  this,  Is  constructed  with 
but  one  vertical  diaphragm,  near  one  side  of  the 
fire-box,  and  a  single  fire-grate. 


Via.  303. 


A*KSTBOsro  4  Bowxisr'a  1'rucnr 
Bonn,  with  traiMverte  double- 

COOe  fte »tn  •  general 1  iri  ,    In  Mr. 

Hubert  Ann*troii(;,  North  Wool- 
wich. 


Mr.  Robert  Armstrong,  North  Woolwich, 
vxhihited  Armstrong  6s  Bowman  $  ujiriglu  boiler, 
which  contains  within  a  cylindrical  shell  a  num- 
ber of  transverse 
double-cone  "steam- 
generators,"  cross- 
ing an  internal  up- 
right flue  or  tire-box, 
similarly  to  Messrs. 
Galloway's  arrange- 
ment for  the  hori- 
zontal flue.  The 
transverse  tubes, 
within  which  the 
water  circulates  to 
a  certain  extent, 
iKiffle  and  divert  the 
ascending  hot  cur- 
rents. The  ends  of 
the  "  generators  " 
project  into  the  sur- 
rounding water- 
space  of  the  Imiler, 
and  so  threw  off  the 
steam  which  is  dis- 
charged from  them  out  of  contact  with  the 
vertical  sides  of  the  fire-box  (fig.  303). 

Mr.  E.  T.  Wright,  Walsall,  exhibited  a  model 
of  his  diagonal-steam  boiler,  in  which  the  plates 
are  1>ent  diagonally,  and  the  seams  are  joined 
and  riveted  diagonally,  so  as  not  to  present  any 
longitudinal  seams,  with  the  design  of  equalizing 
the  strength  of  the  boiler,  and  increasuig  its 
power  of  resistance  to  bursting  strains. 

Mr.  Joseph  Harrison,  London,  exhibited  a 
novel  and  ingenious  cast-iron  boiler,  computed  of 
a  series  of  cast-iron  hollow  gloljes,  alxnit  seven 
inches  in  diameter,  formed  with  two  or  three 
faced  openings,  for  the  purpose  of  uniting  them 
into  one  system,  with  freo  communication 
between  them.  They  are  built  up  in  parallel 
rows,  and  are  united  by  means  of  long  bolts 
which  pass  through  each  row  from  end  to  end,  and 
are  screwed  taut  outside.  Transversely,  likewise, 
the  parts  arc  united  and  secured  by  through 
bolts,  so  as  to  form  one  system  securely  held 
together.  Built  into  a  furnace,  the  fire  acts 
directly  on  the  lower  stages  of  the  boiler,  in 
which  the  water  is  contained,  and  the  steam  as- 
cends into  the  upper  parts  ;  and  it  is  obvious  that, 
according  to  the  extent  of  exposure  to  the  heat, 
the  steam  may  easily  be  superheated.  This  plan 
of  boiler  is  liable  to  the  objection  of  a  deficiency 
of  water-room  ;  but  it  is  certainly  a  safety  boiler, 
inasmuch  as,  should  any  part  fail  by  over-pressure, 
the  chances  of  danger,  in  consequence  of  their 
snmllness  of  diameter,  are  greatly  less  than  when 
an  ortlinary  boiler  explodes. 

France. — In  the  construction  of  multitubular 
boilers,  the  French  engineers,  M.  Chevalier  and 
M.  Durenne,  proposed  that  the  fire-box  and  the 
tubes  should  be  so  constructed  as  to  be  readilv 

■ 

removable  from  the  shell,  for  purposes  of  clean- 
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ing  and  repair  ;  and  thus  to  extend  their  useful- 
ness and  efficiency  in  admitting  of  the  use  of 
impure  or  sedimentary  water,  with  l-eady  means 
of  removing  the  deposits.  This  is  a  novelty 
in  boiler-making. 

MM. Laurens  <fc  Thomas, Paris,  exhibited  a  30- 
horso-power  multitubular  boiler,  with  removable 
fire-box  and  flue-tubes.  These  engineers  appear 
to  have  been  the  first  to  apply  and  work  out  the 
removable  system.  The  Isnler  is  constructed 
with  a  central  fire-tube,  and  a  number  of  small 
flue-tubes,  both  of  which — the  fire-tubes  and  the 
flue-tubes — are  fixed  at  one  end  to  the  front  plate 
of  the  lxiiler ;  and  at  the  other  end  to  the  outer 
plate  of  a  smoke-box  or  chamber.  The  whole 
system,  thus  united,  is  fixed  into  its  place  within 
the  boiler  by  a  single  joint  with  bolts  and  nuts 
at  the  front ;  and  may  be  entirely  withdrawn 
for  inspection  in  the  same  way.  By  this 
aiiTangement,  also,  the  parts  exposed  to  the 
action  of  the  fire  may  freely  expand  and  con- 
tract, independently  of  the  outer  shell.  Tin; 


smoke  from  the  return  flues  is  collected  in  the 
uptake,  and  delivered  to  the  chimney  at  the 
front.  Two  or  more  systems  of  lire-tubes  and 
return  flues  may  Ik;  fixed  into  one  shell.  India- 
rubber  packing  for  the  joint  answers  very-  well. 
The  system  of  removable  fire-boxes  facilitates 
their  being  renewed,  with  duplicate  fire-boxes  in 
store.  Upwards  of  200  boilers,  with  removable 
fire-boxes  in  successful  operation,  have  been 
constructed  by  the  exhibitors.  The  system  has 
also  been  applied  to  supplement  the  elephant 
boiler,  in  common  use  in  France, — a  species  of 
boiler  consisting  of  three  longitudinal  cylinders, 
two  of  them  in  the  lower  part  of  the  furnace, 
and  the  third  and  largest  above  them,  and  united 
to  them  by  tubes.  The  end  of  the  upper  cy- 
linder being  cut  ofT,  the  removable  furnace  is 
introduced  and  fixed  in  place.  In  some  eases, 
two  furnaces  are  introduced,  one  at  each  end. 
The  removable  furnace  is  specially  adapted  for 
agricultural  engines,  which  are  worked  with  all 
sorts  of  impure  water  (fig.  30-t). 


30-Uoui-rowi:i  Mcltitvdclib  Boilbb.  with  removable  flre-box  and  iluc-tubei;  by  MM.  Laurent  £  TUomai,  Paris. 


MM.  Farcot  <fc  Sons,  Port  Saint -Oucn,  ex- 
hibited a  ^-horsepower  boiler,  with  movable 
fire-box  and  multitubular  flues,  arranged  in  a 
direct  line  through  the  cylindrical  shell  of  the 
boiler,  and  fixed  into  the  front  and  back  plates. 
To  remove  the  furnace  and  flues,  both  of  these 
plates  are  required  to  be  unfastened  and  removed. 
This  system,  of  more  recent  origin  than  that  of 
MM.  Laurens  tk  Thomas,  is  an  imitation  of  it, 
which  is,  in  some  resj>ects,  inferior  to  the  ori- 
ginal, as  there  are  two  joints  to  make  and  un- 
make, and  there  is  no  freedom  for  independent 
expansion  and  contraction  ;  moreover,  it  is  not, 
with  its  direct  draft,  so  well  adapted  for  con- 
suming the  smoke  from  coal  as  the  other 
furnace,  with  the  return  draft,  in  the  smoke- 
box  of  which  an  opj>ortuuity  is  offered  for 
mixing  the  gases  and  the  air,  and  so  promoting 
combustion,  before  entering  the  multitubular 
flue.     On  the  contrary,  the  strength  of  the 


direct  draft  is  less  affected  or  reduced  by  the 
multitubular  flues  than  that  of  the  reversed 
draft ;  whilst  MM.  Farcot  maintain  that  with 
the  direct  flues  they  obtain  a  greater  sectional 
area  of  flue  way. 

M.  Zamljcaux,  St.  Denis,  exhibited  an  upright 
multitubular  boiler,  having  210  tubes,  2  J  inches 
diameter,  with  only  -,V  int"h  clear  sj»ace  between 
the  tubes.  The  clearance  is  too  small,  and  must 
render  the  boiler  inefficient  for  practical  use. 

Italy. — M.  F.  Grimaldi  exhibited  a  rotary 
nteam  \>oiler,  consisting  of  a  cylindrical  shell, 
with  multitubular  flues  through  it,  revolving  on 
trunnions.  It  Is,  for  nearly  the  whole  length, 
inclosed  in  the  furnace,  and  exposed  to  the 
action  of  the  flame  above  as  well  as  below.  The 
following  notice  of  the  boiler  occurs  in  the 
Italian  Catalogue : — M  The  entire  lioiler  being  an 
evaporating  surface,  and  being  able  to  contain 
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twice  tho  quantity  of  flues,  the  weight  of  the 
whole  may  be  reduced  to  a  fifth,  and  the  expense 
of  the  first  manufacture  is  not  more  than  two- 
thirds  for  boilers  of  more  than  15  horse-jiower. 
Moreover,  as  it  is  a  physical  fitct  that  the 
agitation  of  a  liquid  renders  it  more  easy  of 
]>enetration  by  heat,  it  follows  that,  with  a 
given  hinting  surface,  this  boiler  will  convert 
the  water  into  .steam  more  readily  than  any 
other.  Tho  inventor  asserts  that  by  the  rapidity 
of  vaporization,  the  superheating  of  the  steam, 
and  the  small  volume  of  the  boilers,  there  is  a 


saving  in  coal  of  30  i>er  cent  The  boiler  is 
constructed  for  the  highest  pressure  :  its  incessant 
revolutions  prevent  its  being  injured  by  the 
heat,  whatever  mav  be  the  level  of  water  in  the 
inside.  It  is  easy  to  take  to  piece*  for  insjsec- 
tion,  inasmuch  as  it  is  not  built  into  the  masonry. 
The  inventor  proves  that  it  is  impossible  for  the 
boiler  to  Inwome  incmsted  or  to  corrode,  csj>eci- 
ally  in  marine  engines,  where  the  ojiening  for 
the  passage  of  the  steam  is  protected  by  several 
rows  of  tul>es,  which,  converting  it  into  steam, 
stop  the  water  thrown  against  them." 


Fio.  306. 


20-HOBM-rowxn  Portable  Dovili-cylmdeb  E.xoixb,  )>v  Mrnr».  K»n»omcj  U  Sinn,  Ipswich. 


CHAPTER  XIII. 

PORTABLE  ENGINES. 

The  demand  for  and  the  use  of  portable  engines 
— or  engines  with  their  boilers  on  wheels — has 
arisen  nearly  altogether  since  1851.  They  are 
of  (special  utility  for  supplying  steam-power  out 
of  doors,  —  in  the  field,  for  agricultural  and 
other  ojHjrations,  and  in  the  yard  for  all  purposes 
where  hoine-power  has  been  employed.  Portable 
engines  are  usually  constructed  with  locomotive- 
boilers,  having  flush  tojw,  that  is  to  say,  with 
the  top  of  the  fire-box  flush  with  the  top  of 
the  InmtcI.  The  tubes  are  from  2  to  1\  inches 
in  diameter  inside,  and  from  5  to  7  feet  long. 
Directly  upon  the  top  of  the  fire-box  a  hori- 
zontal high-pressure  steam-engine  is  fixed,  as 
well  as  all  the  other  parts  of  the  engine,  thus 


suj>erseding  the  earlier  practice  of  placing  the 
engine  on  a  bed-plate  bolted  to  the  boiler.  In- 
stead of  the  over-ueck  crank  formerly  used  in 
portable  engines,  a  cranked  shaft  is  generally 
adopted,  —  a  construction  that  admit*  of  the 
power  being  taken  off  from  either  end  of  the 
shaft,  which  generally  carries  a  fly-wheel  on  one 
end  and  a  pulley  on  the  other. 

Messrs.  Ransoiues  &  Sims,  Ipswich,  exhibited 
a  number  of  engines  of  various  sizes.  Compared 
with  the  engines  of  most  other  makers,  their  steam - 
cylinders  are  smaller,  but  the  boiler  is  quite  as 
large.  Unlike  many  other  makers,  they  prefer 
to  place  the  engine  in  the  centre  line  of  the 
tanler ;  and,  to  save  height,  the  exhaust-pipe, 
which  pastWR  outside  along  the  top  of  the  boiler, 
is  flattened  where  it  twsscs  under  the  crank-shaft 
to  clear  the  end  of  the  connecting-riHl.  These 
engines  have  been  designed  with  care,  which  lia* 
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been  extended  to  the  smallest  details.  There  is 
plenty  of  space  between  the  flue-tubes,  and  they 
are  arranged  as  much  as  }>ossible  in  vertical 
parallel  rows.  The  governor-gear  consists  of 
one  single  lever  fixed  on  the  throttle-valve 
spindle,  gearing  directly  into  the  sleeve  on  the 
governor-spindle.  The  feed-pumps  are  neatly 
constructed,  and  are  placed  directly  under  the 
shaft,  slightly  below  the  centre  line  of  the  barrel 
of  the  boiler  ;  the  feed-cock,  in  one  piece  with 

Fig. 


the  pump,  admits  water  into  the  boiler,  or  allows 
it  to  flow  pertly  or  wholly  back  into  the  water- 
tub  as  required.  The  slide-excentric  cam  be 
easily  adjusted  and  reversed.  The  bracket* 
carrying  the  l>eiu-ings  of  the  crank-shaft  are 
stayed  by  rods  to  the  cylinder,  and  might  be 
advantageously  dispensed  with  by  making  the 
bnickets  somewhat  stronger.  A  small  counter- 
weight is  csist  on  the  rim  of  the  fly-wheel,  for 
balancing  the  crank  and  the  cud  of  the  connect- 

30$. 


lO-Uoaai-rowKt  Pouiadli  Esoiiri,  with  Biddell  *  Balk's  Boiler,  l>y  Mea«r».  Baoaome*  &  Sinn. 

YiQ.  307. 


BiontiL  4  B»tK'a  BMtSS,  showing  the  tube*  partly  withdrawn. 


ingrod 


The  locking-gear  of  the  fore-carriage  is 
simple  and  efficient, —  on  the  ball-and-socket 
principle.  The  boilers  are  not  felted,  but  only 
wood-lagged,  aud  cased  with  shewt-irou.  Besides 


the  ordinary  boiler  of  the  locomotive  tyjH',  these 
makers  also  exhibited  engines  constructed  with 
Biddell  it  Balk's  boiler,  a  novel  construction  of 
cylindrical  tubular  boiler,  of  which  the  front, 
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together  with  the  tubes,  tulie-plates,  nnd  fire-l>ox, 
can  be  entirely  separated  and  removed  from  the 
barrel  for  lieing  clamed  and  repaired  by  onlv 
unscrewing  a  few  bolts.  In  localities  where  the 
only  water  to  be  had  is  dirty,  muddy,  or  calm- 
reous,  this  sort  of  boiler  possesses  muter!*] 
ud vantages  (tigs.  30.5,  30G,  307). 

Messrs.  TuxfordJf  Son,  Boston,  understood  to 
Iw  the  tirst  fan  that  engaged  in  the  business  of 
constructing  portable  engines,  exhibited  three 
kinds  of  engines.  The  first  lh  a  hotmd  engine, 
of  lUhorse  power,  with  two  upright  cylinder 
and  a  crnuk-slmft  over  head,  altogether*  a  verv 
well-designed  engine.  The  boiler  in  this  as  well 
as  the  next  class  of  engine  is  made  with  return 
flue-tabes,  the  Hue  leading  from  the  fire-box  to 
the  uptake  being  parted  in  the  middle  by  a 
■water-space.  These  boilers  ore  probably  more 
economical  than  the  common  ones,  and  do  not 
suffer  so  much  from  leaky  tubes  as  the  latter,  in 
which  currents  of  cold  air  may  happen  to  rush 

right  up  to  the  tubes  through  uncovered  fire-bars. 
The  safety- valve,  loaded  in  the  usual  manner 
with  a  spring-balance,  is  placed  on  the  man- 
hole cover— thus  saving  an  extra  hole  in  the 

boiler.    There  is  a  damper  in  the  chimney,  a 

Useful  appendage  to  tin-  engine, — wanting  in  the 
other  engines  exhibited.  There  is  a  disadvantage 
in  the  distribution  of  tin;  weight  of  the  housed 
engine,— that  the  whole  weight  of  the  engine 
|>n>|)er,  with  its  house,  and  at  least  a  third  of 

Fig.  jris, 


Fob  i  u ml  Exqibk,  bj  Mewn.  Rustou,  I'ructor,  &  Co.,  Lincoln 


the  weight  of  the  boiler,  are  laid  upon  the  front 
wheels  ;  moreover,  the  steeple  arrangement 
causes  the  whole  machine  to  stand  a  couple  of 
feet  higher  than  the  common  portable  engines 
with  horizontal  cylinders  and  locomotive-boilers. 


The  j>eculiar  construction  of  boiler  adopted 
necessitates  a  Uirrel  of  great  diameter,  but  of  no 
great  length.  With  the  return-tubes,  this  boiler 
geta  up  steam  as  quickly  as  any  boiler  of  the 
usual  type,  and  it  works  with  an  economy  in 
the  consumption  of  fuel.  The  plan  followed  by 
Messrs.  Tuxford  «fe  Sons,  and  by  most  other 
makers,  of  carrying  the  exhaust«teani  pipe 
through  the  steam-space  of  the  boiler,  though  it 
cools  the  fresh  steam  within  the  boiler,  is 
more  sightly  than  the  plan  of  the  external  pipe. 
The  feed-pump  Is  driven  directly  from  off  one 
of  the  steeples.  The  engine  is  placed  in  a  box 
attached  to  the  end  of  the  boiler,  and  is  thus 
protected  from  dust  and  rain — a  material  point; 
for  where  the  engineman  in  charge  can,  without 
much  extra  trouble,  keep  his  engine  clean  and 
bright,  he  is  likely  to  take  more  interest  in 
keeping  it  in  good  order. 
The  engine  is  very  oomjiactly 
arranged  The  boiler  is 
covered  with  a  double  layer 
of  felt  The  starting -valves 
are  formed  of  sector  -  iliscs, 
which  do  not  wear  quite  so 
equally  as  others  in  common 
use. 

The  next  is  tho  housed 
engine,  with  inverted  cylinder, 
of  8  horse-power.  It  is  fitted 
with  an  expansion-elide,  and 
the  cylinder  is  stcsun -jacketed. 
The  feed  can  be  regulated  very 
conveniently  from  the  outside 
of  the  engine-house.  The 
feed-pump  can,  by  means  of  a 
tli rcc  way  cock,  1*- always  kept 
working  with  water  in  the 
barrel,  pumping  water  into  the 
boiler  or  returning  it  to  the 
suction.  The  piston-rod  guide 
blocks  are  made  with  adjust- 
able lutings.  The  steam- 
jacket*  are  supplied  directly 
from  the  boiler.  The  expan- 
sion-slide execntrics  can  be 
set  for  any  degree  of  cutting 
off  with  little  trouble. 

The  third  is  an  ordinary 
portabh  engine. 

Messrs.  Ruston,  Proctor,  & 
Co. ,  Lincoln,  exhibited  several 
]>ortable  engines  of  different 
sizes,  all  of  the  ordinary  con- 
struction. The  working  j«rts 
are  strong  and  well  propor- 
tioned ;  the  cylinders  are  said 
to  l>e  rather  larger  tlian  in 
other  engines  of  the  same 
power.  The  crank-shaft  bearings  are  adjustable 
sideways  in  one  direction,  but  not  in  the  other, 
by  means  of  set-screws,  to  allow,  probably,  for 
wear  of  brasses  in  the  direction  hi  which  the 
power  is  generally  taken  off.    A  lock-up  safety- 
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valve,  as  well  as  a  common  safety-  valve,  arc 
placed  upon  the  boiler, — a  plan  that  is  worthy  of 
being  generally  adopted.  Besides  the  common 
feed-pump,  a  Gifl'ard  injector  is  fitted  on  the 
boiler.  Tho  revolving  parts  are  not  counter- 
weighted  (fig.  308). 

The  IQ-Jwrse-poicer  double-cylinder  engine  is 
compact  and  generally  well  designed  ;  but  it  is 
an  expensive  refinement  to  apply  two  cylinders 
on  portable  engines  of  this  power,  when  one 
cylinder  a  little  larger  than  either  of  the  two 
can  do  the  MUM  work.  For  (puck-going  portable 
engines  of  such  jwwers,  single  cylinders  are 


preferable  and  generally  sufficient,  except  for 
such  purposes  as  steam-ploughing,  where  a  very 
great  and  sudden  increase  of  resistance  might 
bring  up  a  single-cylinder  engine. 

Messrs.  E.  R.  <fc  F.  Turner,  Ipswich,  exhi- 
bited several  portable  engines  of  the  common 
Construction  and  with  the  usual  appliances. 
They  are  generally  wel  proportioned  and  easy 
of  access.  The  starting-i;ear  is  situated  on  the 
top  of  the  lioiler.  As  the  feed-pumps,  worked 
direct-action,  and  at  considerable  Speed,  occa- 
sionally give  trouble  to  the  unskilled  attendants 
to  whom  portable  engines  are  frequently  en- 


Fio.  309. 


1'oiTtutr.  Doi  ui.k-c  vlihdi«  Kitt.tas,  Uy  M  •s-rs.  lluruabr  A.  guat^  Qrattlhaa. 


trusted,  they  are  fitted  with  two  deli  very -valves, 
instead  of  one, — a  very  good  provision.  The 
raised  fire-box — raised  alnivc  the  level  of  the 
l«irrel  —  is  adopted  for  boilers  above  G  horse- 
]M>wer. 

Messrs.  T.  W.  Ashby  &  Co.,  Stamford,  ex- 
hibited a  gnudl  2-lujrse-]>ower  jiurtnble  engine,  of 
an  unusual  construction,  having  the  engine  on 
one  side  of  the  lioiler.  It  was  simply  and 
cheaply  got  up.  The  boiler  is  made  with  return 
flue-tul»es.  The  crank-shaft  is  at  the  Iwick  end 
of  the  boiler;  and  the  feed-pump,  which  stands 
vertically  below  the  shaft,  is  driven  by  an  ex- 
centric  from  it.  The  slide-valve  works  horizon- 
tally on  the  top  of  the  cylinder,  and  Ls  driven 


directly  from  an  execntric  on  the  shaft,  whence 
it  follows  that  the  pull  ami  thrust  on  the  slide- 
rod  are  in  a  slanting  direction, 

Mr.  0.  1  m  rrel  1 ,  Thetfbrd,  exhibited  an  S-Junse- 
power  engine,  strong  and  plain,  with  a  forked 
connecting -rod  and  a  single  set  of  cast-iron 
guide-ban.  There  is  no  means  of  adjusting  the 
guide-blocks.  The  crank-shaft  brackets — very 
large  castings — have  bearings  adjustable  side- 
ways by  means  of  set-screws.  The  starting 
valve  consisted  of  a  common  pluji-cock,  situated 
on  the  top  of  the  fire-box.  The  feed  pump  Ls 
kept  in  constant  action,  ami  is  fitted  with  a 
thmsway  cock,  to  allow  the  superfluous  feed- 
water  to  return  to  the  tub.    The  crank  is  not 
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counterbalanced.  The  boiler  is  not  very  strongly 
stayed ;  the  front  of  the  fire-box  has  only  four 
^-inch  screwed  stays,  and  two  J-inch  through  stay- 
bolts.  The  fire-hole  doorway  is  made  with  a  deep 
wrought-iron  ring  riveted  between  the  inner  ami 
outer  plates  with  long  rivets  ;  but  a  joint  made 
with  a  thin  ring  and  short  rivets  is  more  likely 
to  remain  steam-tight,  The  fire-box  is  with- 
out mudholes.  One  novelty  worth  imitating 
was  the  foot-plate  for  more  conveniently  getting 
at  and  lubricating  the  engine. 

Messrs.  Robey  <fc  Co.,  Lincoln,  exhibited  nu 
S-tiorse-jtouxr  civjine.     The  crank- shaft  bcar- 


ings  are  fltted  with  Bet-screws  for  adjustment 
laterally ;  but  there  are  no  check-nute  on  the 
keys  of  the  connecting-rods.  The  boiler  is 
constructed  with  a  water-epaoe  around  and  ljelow 
the  grate,  for  the  collection  of  sediment ;  but  it 
is  inconvenient  in  preventing  easy  insjicction 
and  access  for  repair  of  the  inside  of  the  fire-l»ox. 

Messrs.  Garrett  «fe  Son,  Leiston,  exhibited 
portable  engines  of  different  sizes,  in  which  the 
makers  aim  at  simplicity  in  details  and  good 
finish.  Besides  the  common  safety-vidve,  loaded 
by  a  spring  lever-balance,  there  is  another,  loaded 
directly  by  a  spiral  spring.  A  counterweight 
is  cast  on  the  fly-wheel.  The  cylinder  and 
valve-chest  :ire  east  in  one  piece,  thus  saving 
n  joint,  but  entailing  moro  labour  in  getting  up 
t lie  slide-face.  The  feed-pump  has  two  delivery 
valves,  to  ensure  efficiency  of  working. 

Messrs.  Hornsby  »fc  Sous,  Grantham,  exhibited 
several  engines,  which  bore  evidence  of  great 
care  in  the  general  design  ami  in  the  construction 
of  details.  The  Wlers,  having  a  raised  fire-box, 
have  a  steam-chest  on  the  top  of  the  fire-box, 
in  which  the  cylinder  is  enclosed,  and  to  which 
it  is  fixed,  the  ends  of  it  being  outside  the 
steam-chest  The  flat  surfaces  of  the  l>oilers 
are  regularly  and  effectively  stayed,  and  the  tabea 
are  well  arranged,  Wing  everywhere  1|  inch 
apart  The  chimney  is  fitted  with  a  *park- 
urrester,  consisting  of  a  wire-gauze  net  There 
are  holes  in  the  fire-door  ami  tin-  shield-plate,  t<> 
admit  air  above  the  fuel,  for  the  pur]>osc  of  pre- 
venting smoke  to  some  extent.  The  hind-wheels 


S-HoiM-rows*  Pobtxiile  Kkcisic,  with  Mr.  E.  E.  Allen' a  Double  Single-trunk  Cylinders;  by  Messrs.  Uomsby  it  Soot,  Orautnwt. 
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arc  supported  on  springs, — a  useful  adjunct  to 
a  portable  engine,  often  exposed  to  travelling 
over  rough  roads.  The  crosshead  is  guided  at 
top  smd  lnrttom  by  round  bars,  and  fitted  with 
adjustable  brass  linen,  having  lubricators  cast 
on  :  those  guide-bars  are  at  one  end  screwed  into 
the  cylinder-cover,  and  the  outer  ends  art?  fixed 
to  a  bracket  The  safety-valve  is  placed  on 
the  top  of  the  steam-chest,  and  serves  as  a 
support  for  the  chimney  when  laid  down.  The 
surplus  feed-water  is  returned  through  }»rt  of 
the  exhaust-pipe  to  the  suction.  The  crank-shaft 
brackets  arc  neat,  and  the  brasses  are  adjustable 
laterally  by  means  of  screwed  keys.  The  crank- 
shaft is  balanced  by  a  counterweight  on  one  of 
the  fly-wheel  arms.  The  slide-valve  excentric 
can  be  easily  adjusted  or  reversed.  The  hind 
axle  passes  through  the  middle  of  the  fire-box 
(fig.  309,  pago  329). 

An  entirely  new  arrangement  of  double  ex- 
pansive ]x>rtable  engine  has  l>een  jwitented  by 
Mr.  Edward  E.  Allen,  of  London,  and  con- 
structed by  Messrs.  Homsby  «fc  Sons,  of  Gran- 
tham (tig.  310).  This  engine  was  not  exhibited, 
except  by  way  of  a  model ;  but  it  is  worthy  of 
further  notice.     "The  cylinder  (tig.  311)  is 

Fig.  311. 


Alley's  Dolulk  SnrouvrtCVI  Cvlimdh. 

illustrate  its  action.) 


(Diagram  to 


made  double  the  ordinary  length  or  stroke  of 
the  engine,  and  has  a  division  (a)  in  its  centre. 
The  ordinary  piston  is,  as  it  were,  divided  into 
two  parts  (b  and  c),  but  united  by  a  trunk  (n), 
which  passes  through  the  division  (a).  Steam 
is  admitted  alternately  into  the  annular  spaces 
(e,  k),  and  at  the  termination  of  stroke  jmisscs 
respectively  to  the  ends  of  the  cylinder  (o  and 
ll),  where  it  is  fully  expanded.    The  steam  from 

Flo.  sia. 


IsijIi  uni.-liur.iiiM>,  frnm  Alien'-  nmiWc  Single-trunk  Cylinder*.  (Di». 
meter  <if  I'vlimlcr,  llj  indira  j  diami'trr  uf  trunk,  Nj|  ini'he*;  alroUe,  12 
iocbra  ;  mi  id  i>f  annular  «]>ii<-<-  to  cylinder  anil  paaaagee,  1:5];  speed,  125 
turns  per  minute  ;  iteam  pressure  io  boiler,  62  lb.  per  square,  inch.) 


the  boiler  acting  only  on  small  portions  of  the 
piston,  produces  no  injurious  shock,  the  whole 
surface  of  the  pistons  being  acted  upon  by  the 
partially  expanded  steam  only."  Indicator-cards, 
taken  from  one  of  these  engines  (fig.  312),  show 
that  the  size  of  the  trunk  may  be  readily  made 
so  as  to  give  any  amount  of  expansion  desired. 

Messrs,  Brown  &  May,  Devizes,  exhibited  two 
strong  and  well-made  engines ;  but  the  corners 
of  the  fire-box  are  made  with  the  old-fashioned 
angle-irons, — a  plan  inferior  to  the  usual  method 
of  flanging  the  plates.  The  fire-box  is  not 
covered.  The  crosshead  has  packed  stuffing- 
boxes  and  screwed  glands  for  sliding  on  the 
round  guide-bars.  A  counterweight  for  balancing 
the  crank  is  applied  near  the  boss  of  the  fly-wheel. 
The  cylinder  is  steam-jacketed  and  clothed, 
which  is  economical,  even  for  as  low  a  degree  of 
exhaustion  as  in  cutting  off  at  five- eighths  of  the 
stroke. 

Messrs.  Clayton,  Shuttleworth,  <fe  Co.,  Lincoln, 
exhibited  several  engines.     In  their  patented 
engines   the   cylinder  is  steam-jacketed,  and 
inclosed  in  the  smoke-box,  while  the  rest  of  the 
engine  proper  is  arranged  on  the  top  of  the 
boiler  in  the  usual  way.    The  boiler  Ls  made 
with  a  flush  fire-box,  strongly  and  equsilly 
stayed;  the  tubes  are  arranged  in  diagonal 
rows,  and  are  placed  well  apart.    There  are 
mud-holes  wherever  required,  and  the  water- 
plug  is  placed  on  the  manhole  cover,  thus 
.saving  a  hole  in  the  shell  of  the  boiler.  The 
fire-door  hole  is  made  with  a  thick  wrought- 
iron  ring  riveted  between  the  inner  and  outer 
plates, — a  plan  which  lias  already  been  alluded 
to.    The  boiler  is  fitted  with  a  neat  lock-up 
safety-valve,  loaded  directly  with  a  spiral 
spring, — a  useful  safety  adjunct    The  }uirts 
which  apply  to  the  barrel  or  round  put  of 
the  fire-box  arc  planed  to  the  form  on  a 
radial  bar-planing  machine,  and  they  require 
hardly  any  extra  fitting,  every  detail  being  made 
according  to  standard  templates.  The  crank-shaft 
brackets  are  cast  hollow ;  the  bearings  have 
three  brasses — a  bottom  and  two  side  ones,  each 
of  which  is  adjustable  ;  the  bottom  one  by  means 
of  a  screwed  key,  and  tho  side  brasses  by  set- 
screws.    The  bearings  of  the  8-horse  jxntable 
engine  are  3  inches  in  diameter  and  5  J  inches 
long.    These  are  good  proportions  ;  for 
long  bearings  are  beneficial,  particularly 
in  tjuick-going  engines.     The  castings  are 
well  finished.    The  sUde- valve  guide-rod 
is  simple  :  it  Ls  simply  a  gland-shaped  flange 
fixed  on  the  stud-bolts  of  the  slide-rod 
gland,  which  are  for  this  purpose  mode 
about  fi  inches  long.     The  guide-blocks 
have  adjustable  cast-iron  linings  on  the 
wearing  side.    These  engines  are  complete 
and  well  designed. 

Messrs.  Barrett,  Exall,  Jc  Andrewes, 
Beading,  exhibited  several  excellent  j*>rt- 
able  engines.  The  fire-l>ox  Ls  well  stayed  ; 
but,  nevertheless,  the  stay-bolts  are  put 
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in  with  countersunk  heads,  which,  though  the 
appearance  may  be  improved,  can  scarcely  bo 
cx|iected  to  add  to  the  strength  of  the  boiler. 
The  fire-door  hole  is  made  with  a  stout  ring. 
The  cylinders  are  steam-jacketed,  and  are  worked 
with  separate  expansion  -valves  for  engines  of 
8  horse-power  and  upwards.  The  crank-shaft  is 
not  couuterweighted. 

Foreign  Portable  Engines. — None  of  these 
was  remarkable  either  for  workmanship  or  for 
design. 

MM.  Cail,  Halot,  tk  Co.,  Brussels,  exhibited 
a  small  jMirtable  engine,  similar  to  the  portable 
engines  built  in  England  fifteen  years  ago.  The 
engine  rests  on  a  bed-plate  fixed  to  the  top  of 
the  boiler.  The  feed-pump  is  driven  directly 
from  the  crosshcad, — a  practice  long  ago  done 
away  with  in  England.  The  fire-box  is  cylin- 
drical, and  of  a  diameter  larger  than  that  of  the 
IxirreL  The  tubes,  eighteen  in  number,  and 
2 \  inches  inside  diameter,  are  arranged  in  two 
parallel  rows.  The  engine  is  fitted  with 
variable-expansion  gear.  The  governor-gear 
is  circuitous  ami  complicated. 

The  Cologne  Engine  Building  Company  ex- 
hibited a  portable  engine,  in  which  the  tul»cs 
were  in  zigzag  rows,  and  very  near  to  each  other. 
The  engine  rested  on  two  heavy  cast-iron  frames 
fixed  to  the  boiler.  This  engine  proUibly 
weighed  half  as  much  again  as  an  English 
portable  engine  of  the  same  power. 

M.  De  Coster,  Paris,  exhibited  a  portable 
engine  with  a  very  heavy  saddle  licd-plate.  The 
fire-door  is  very  low  down  in  the  fire-box,  and 
the  flue-tubes  arc  in  zigzag  rows,  and  very  close 
together.  The  stenm-pipe  is  large  and  exposed  ; 
there  is  variable  expansion -gear,  and  a  very 
heavy  fly-wheel.    The  engine  was  not  sightly. 

M.  Durenne,  Paris,  exhibited  an  engine  in 
which  two  shafts  are  employed,  with  a  crank  on 
the  end  of  each  ;  the  cranks,  facing  each  other, 
are  joined  by  the  crank-pin.  This  construction 
is  used  in  preference  to  one  bent  crank-shaft, 
as  generally  used  The  cylinder  is  enclosed  in 
a  square  chest  on  the  top  of  the  fire-box,  sur- 
mounted by  a  high  dome.  The  other  parts  of 
the  engine  rest  on  a  bed-plate,  with  which  the 
plummer-bloeks  are  cast  in  one  piece.  Instead 
of  with  the  Ordinary  spring  balance,  the  valves 
are  loaded  with  a  common  lover  and  weight  A 
small  heavy  pulley  is  fixed  on  each  end  of  the 
crank-shaft,  acting  as  a  fly-wheel. 

MM.  Cail  «fc  Co.,  Paris,  exhibited  an  engine 
similar  to  that  of  MM.  Cail,  Halot,  &  Co., 
having  in  addition  a  feed-water  heater  under  the 
ban-el  of  the  l>oiler.  The  tubes  are  large,  and 
pitched  closely  in  diagonal  rows.  The  crank- 
shaft brackets  are  cast  in  a  piece  with  the  sole- 
plate  or  saddle-plate  on  the  1  toiler. 

Semi-portable  Engines, — Messrs.  Appleby  Bro- 
thers, London,  exhibited  two  semi-portable 
engines,  in  one  of  which  the  boiler,  of  the  locomo- 
tive form,  is  placed  on  a  hollow  bed-plate,  and  I 


the  engine  is  placed  under  the  boiler,  and  fixed 
to  the  l>ed-plate,  with  its  cylinder  in  the  lower 
part  of  the  smoke-box.  It  is  a  handy  arrange- 
ment The  engine  was  employed  to  work  the 
Swiss  ribbon-looms.  The  other  portable  engine 
lias  an  upright  boiler  on  wheels,  with  crank- 
shaft overhead. 

Messrs.  T.  M.  Tennant  <fc  Co.,  Edinburgh, 
exhibited  a  well  -  proportioned  8 -horse -power 
engine  on  an  upright  boiler,  with  the  cylinder 
overhead,  and  the  crank-shaft  below,  with  an 
overneck  crank.  The  boiler  is  fixed  on  a  cast- 
iron  frame  with  a  square  flange.  The  con- 
necting-rod Ls  forked,  and  one  excentric  is  applied 
to  work  both  the  slide-valve  and  the  feed-pump 
(figs.  313). 

Messrs.  Hornsby  «fe  Sons,  Grantham,  ex- 
hibited a  10-horse-power  horizontal  engine,  with 
steam-jacket  and  variable-expansion  valve,  ad- 
justable by  a  double-screw.  It  is  similar  in 
appearance  to  their  portable  engines. 

Messrs.  Rausomes  ifc  Sims,  Ipswich,  exhibited 
a  simple,  strong,  and  well-designed  engine,  with 
expansion  valve. 

Mr.  F.  H.  Wenham,  London,  exhibited  a 
"  thenno-expansive  steam-engine,"  which  has 
already  been  noticed  (see  ante,  jmge  314). 

MM.  Laurens  k  Thomas,  Paris,  exhibited  an 
engine  placed  upon  cast-iron  base-plates  at  the 
fire-lK)x  and  the  smoke-box  ends.  The  l>oiler, 
horizontal,  with  return-tubes,  is  soconstructed  that 
the  whole  interior,  with  tubes  and  tube-plates, 
can  be  drawn  out  for  cleansing  and  repair. 
The  boiler  is  three  feet  longer  than  the  system 
of  tubes,  containing  a  body  of  water  the  purpose 
of  which  is  to  ensure  a  steady  water-level ;  but 
more  time  is  required  to  get  steam  up  than  if 
the  additional  water-space  were  absent  The 
feed-water  is  passed  through  the  exhaust  steam 
in  a  large  vessel  placed  on  the  top  of  the  boiler, 
but  in  such  a  way  as  to  prevent  access  to  the 
piston  without  removing  the  vessel.  There  are 
very  heavy  crank-shaft  brackets  and  fly-wheeL 
A  compressed  -  air  governor  is  used,  of  a  kind 
much  in  use  on  the  Continent  The  engine 
rests  on  a  bed-plate,  and  is  generally  well  ar- 
ranged ;  but  it  has  a  large  feed-pump  driven 
from  the  crosshcad.  The  peculiar  form  of 
boiler  has  already  been  noticed  at  page  325. 


CHAPTER  XIV. 

TRACTlOX-EXtilKES. 

Traction-engines  were  originally  devised  to 
supersede  horse-power  on  common  roads,  pre- 
viously to  the  general  adoption  of  railways  for 
purposes  of  transj>ort  The  railways  set  them 
aside  for  a  time,  as  they  in  a  great  measure  set 
aside  horse-power.  But  within  the  last  few 
years  traction  engines  have  been  revived,  and 
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Skmi-I'OBTadls  Esgixh,  by  Mftiri.  T.  M.  Tronint  &  Co  ,  Edinburgh. 


have  been  very  much  improved  in  design  and 
construction,  and  better  adapted  for  the  work 
to  be  done.  It  has  been  established  that,  on 
the  best  ordinary  i"oads,  the  heaviest  loads  can 
be  drawn  with  greater  economy  than  by  horse- 
power ;  and  that,  in  ascending  or  descending 
the  steej)est  hills,  or  in  passing  over  soft  and 
marshy  ground,  where  no  roods  exist,  traction- 
engines  have  taken  loads  which  could  not 
have  been  transported  by  any  available  amount 
of  horse -power.  As  a  feeder  to  the  goods- 
traffic  of  railways,  by  superseding  the  necessity 
of  short  and  expensive  branch-lines,  especially 
in  thinly-populated  districts,  the  method  of  the 
traction-engine  is  of  unquestionable  advantage. 
Traction-engines  are  commonly  fitted  with  two 
speeds — fast  and  slow, — one  or  other  of  which 
may  bo  put  in  gear,  according  to  the  load. 
They  are  also  fitted  with  steering  apparatus, 
applied  to  the  fore  pair  of  wheels. 

Bray's  Traction-Engine  Comjwinv,  London, 
exhibited  atractiont  nginevrith  feathering- wheels, 
the  chief  feature  of  which  consists  in  the  fitting 


of  the  circumference  of  the  driving-wheels  with 
blades,  teeth,  or  spades,  as  they  have  severally 
been  called,  which  may  be  protruded  through 
the  circumference  to  any  extent,  to  give  grip  or 
bite  when  required  for  adhesion,  or  altogether 
withdrawn,  by  means  of  a  fixed  excentric,  similur 
in  action  to  the  feathering  paddle-wheel  In 
many  situations,  the  ordinary  smooth  surface  of 
the  wheel  is  sufficiently  adhesive  for  propelling 
the  engine  with  its  load  ;  but  when  the  ground  is 
soft  or  slippery,  or  when  a  steep  incline  has  to  bo 
ascended,  the  auxiliary  power  of  the  blades  may 
be  brought  into  action,  and  the  needful  grip 
thereby  obtained.  The  engine  is  fitted  with  two 
steam-cylinders,  from  which  the  power  is  trans- 
mitted to  the  driving-wheels  by  means  of  pinions 
on  the  crank-shaft,  working  into  large  circular 
racks  bolted  to  the  inner  sides  of  the  wheels,  for 
the  quick  speed  ;  or,  by  means  of  intermediate 
gearing,  the  engine  may  be  put  on  the  slow 
speed.  The  engine  (fig.  314)  which  was  exhibited, 
is  fitted  with  a  drum,  by  means  of  which  it  may 
be  employed  for  driving  machinery  ;  a  derrick  is 
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also  fitted  to  it,  by  which  it  may  load  its  own 
waggons,  and  a  capstan  or  windlass  to  give  a 
purchase  The  l»oiler  is  fitted  into  and  fixed 
to  the  frame,  without  forming  any  j»ortion 
of  it,  or  being  subject  to  any  of  the  strain 


Mr.  Charles  Burrell,  Thetford,  exhibited  a 
Jioydfllt  traction-engine  and  endless  railway, 
the  chief  peculiarity  of  which  consist*  in  the 
endless  railway,  or  wooden  trams  or  shoes, 
transj>orted  by  the  wheels,  laid  down  under  them, 


of  working  tin-  engine, 
The  driving- axle  hut*  four 
l>euring« — two  inside  and 
two  outside  tin  wheels, — 
for  the  purpose  "1'  steady- 
ing the  engine :  and  the 
wright  is  placed  <»n  springs, 
Thus,  in  addition  to  its 
tractive  power,  tin'  engine 
is  qualitx  <|  t<>  net  as  a  »tn 
tionary  or  portable  engine, 
a  ntfuun  rrannt  or  a  steam- 
winch,  by  which  it  has  been 
well  adapted  for  the  service 
of  Woolwich  Dockyard, 
where  it  has  been  con- 
stantly and  satisfactorily  al 
work  in  its  various  l: i j i; i 
cities  since  it  was  removetl 
from  the  Exhibition.  A 
similar  engine  was  em 
ployed  in  removing  loco- 
motive engines,  marine 
engines,  and  other  heavy 
machinery,  from  <li(li  1 
railway -.->tat ion  ^,  mantifac 
tories,  and  dock-*,  to  the 
Exhibition  building — the 
loads  amounting,  in  some 

cases,  to    \~>  tons.      In  H 

more  recent  design  of  the 
Bray  engine  (fig.  315),  pre- 
pared by  the  Author,  as 
eonsulting  engineer  t  1  the 
company,  the  cylinders  and 
gearing  are  hinged  in  a 
horizontal  line  with  the 
driving-axle,  by  which  the  details  have  been 
simplified,  and  the  cost  of  the  engine  reduced. 
A  traction-engine  has  been  constructed  for  the 
company  on  this  system  by  Messrs.  Chaplin  <fc 
Co.,  of  Glasgow,  fitted  with  their  upright  boiler 
with  tapered  tubes.    (Figs.  314  and  313.) 


Si 


I  i 


r 


to  l>e  run  over  in  succession,  anil  lifted  again 
after  having  fulfilled  the  purpose  of  a  railway. 
As  the  shoes  are  broad  and  flat,  they  afford  a 
greater  bearing  for  the  wheel  than  when  it  runs 
directly  upon  the  ground  (fig.  31  f>). 

Messrs.  Aveling  &  Porter,  Rochester,  cxhi- 
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Botdell'b  Tsactiox-Exoisi  axd  Exduws  BiiLW*r,  by  Mr.  Charlet  Uurr^ll,  Tbetford. 


bited  Avelinga  agricultural  locomotive  engine. 
Tills  engine  has  l)iit  one  steam -cylinder,  placed 
on  the  top  of  the  l>oiler,  surrounded  hy  a  steam- 
jacket,  from  the  top  of  which  the  steam  is  con- 
veyed into  the  cylinder.    Thus  the  steam  carries 
with  it  the  condensed  steam  formed  in  the  jacket 
into  the  cylinder.    The  crank-shaft  is  connected 
to  the  driving-wheels  with  hut  one  sj>eed,  by 
means  of  an  intermediate  shaft  with  toothed 
gearing,  fmm  winch  the  motion  is  transmitted 
by  an  endless  chain  over  a  chain-wheel  on  the 
driving-axle  fitted  with  tightening  gear,  to  take 
up  the  slack  of  the  chain.  The  engine  is  steered 
in  a  peculiar  manner,  by  means  of  a  single 
disc-wheel   in    a   triangular   frame,  projected 
from   the   leading    axle   in   advance   of  the 
engine.    This  wheel  is  swivelled  on  a  central 
pivot  with  a  suitable  lever,  worked  by  the 
steersman,  who  occupies  a  seat  in  front  of  the 
engine.    The  rims  of  the  driving-wheels,  which 
are  of  cast-iron,  are  deeply  indented,  in  order 
to  give  the  necessary  grip  for  propulsion.  This 
engine  is  specially  adapted  as  a  locomotive 


portable  engine,  to  move  readily  about  a  farm, 
or  from  one  form  to  another,  taking  with  it  a 
thnushing-maehinc  or  other  similar  load  (fig.  317). 

Messrs.  Robey  <fc  Co.,  Lincoln)  exhibited  a 
traction-engine,  suitablo  also  for  working  on 
farms  as  a  portable  engine.  The  driving-wheels 
are  driven  by  means  of  pitch-chains,  taken  up 
when  slack  with  a  tightening  screw  (fig.  318). 

Messrs.  B.  J).  Taplin  &  Co.,  Lincoln,  exhibited 
a  traction-engine  of  10  horse-power.  The  cylin- 
ders are  placed  within  the  snioke-box,  and  work 
to  a  pinion-shaft  directly  over  and  gearing  into 
circular  racks  on  the  driving-wheels,  which  are 
placed  under  the  barrel  of  the  boiler  and  carry 
by  much  the  greater  part  of  the  weight.  The 
arrangements  for  steering  are  peculiar :  the 
front  wheels  turn  on  separate  centres  close  to 
the  naves,  and  are  guided  by  levers  at  right 
angles  to  the  wheels,  acted  on  by  the  steersman. 
The  engineman  and  the  steersman  stand  together 
on  one  platform,  and  the  small  wheels  lead,  the 
boiler  going  with  its  fire-box  foremost. 

Messrs.  James  Taylor  «fc  Co.,  Birkenhead, 
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Jnunot'Ettom,  hj  U«tn.  Avtling  *  Porter.  B.c*&nt«r. 


Mr.  Charles  B.  King, 
London,  exhibited  a  draw- 
ing of  a  traction-engirt' 
designed  by  liim,  with  a 
locomotive  boiler  and 
wrought-irnn  framing,  with 
buffers  and  buffer- planks 
at  the  ends,  as  in  Mr. 
Clark's  design  already 
noticed.  The  cylinders 
are  fixed  at  the  fore  part 
of  the  engine,  and  the 
crank-shaft  works  in  plttm- 
mer-blocks  on  the  top  of 
the  fire-box,  connected  by 
spur-gear  to  the  driving- 
wheels.  Tlit!  tyres  of  the 
ilriving-wheels  ore  put  on 
with  an  elastic  medium  to 
soften  the  shocks  on  the 
road.  The  engine  is 
steered  from  the  footplate 
behind  the  fire-box. 


T«JicTio*-Esr.i5«,  by  Met  ire.  Kobe?  a  Co.,  Line  In. 


exhibited  their  "steam  ekpfuuU,"  or  tmcluni- 
aujine.  It  has  three  s)>eetht,  and  the  weight 
rests  on  blocks  of  india-rubber.  The  engine- 
man  and  steersman  stand  on  one  platform 
behind  the  driving-wheels,  and  the  engine  may 
run  equally  well  going  with  either  end  foremost. 
The  engine  is  provided  with  a  winding  appa- 
ratus, by  means  of  which  it  can  load  its  own 
trucks.  The  boiler  is  arranged  to  be  as  short 
as  possible,  with  the  object  of  ascending  or  de- 
scending steep  hills  without  uncovering  the 
fire-box  or  the  flue-tubes ;  it  rests  on  the  frame 
of  the  engine,  and  is  fixed  to  it  without  itself 
forming  any  part  of  the  frame.  The  chimney 
passes  through  the  dome  of  the  boiler,  in  order 
to  dry  the  steam  (fig.  319). 


Stk » w-Ki  ifBisT  Tuctiox-Rkoiiiv,  t>T  Meetn. 
June*  Taylor  ft  Co.,  Birkenhead, 
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CHAPTER  XV. 

STEAM  - CARRIAG  E  8 . 

Messrs.  Carrett,  Marshall,  «fe  Co.,  Leeds, 
exhibited  a  steam  passenger  road-earriage  (flee 
Plate  XXIX),  constructed  for  George  Salt, 
Esq.,  of  Saltaire.  The  following  account  of  the 
steam-carriage  is  abstracted  from  a  description 
supplied  by  the  exhibitors : — It  is  designed  as 
a  private  carriage  to  convey  small  excursion- 
parties,  though  there  is  power  enough  to  take 
forty  ])assengers  almost  as  easily  as  the  ten  or 
twelve  persons  for  whom  the  seats  are  arranged. 
The  maximum  power  is  30  actual  horse- power, 
and  the  total  weight  in  complete  running  order 
is,  with  a  supply  of  coal  for  thirty  miles,  and 
water  for  twelve  miles,  six  tons.  It  can  ascend 
any  hill  on  a  good  turnpike  road,  even  over 
new-laid  metal  ;  and  can  pass  round  quick 
curves,  being  able  to  pull  up  instanter  on  the 
steepest  descent  It  can  attain  a  s|*ed,  on  a  good 
level  road,  of  from  fifteen  to  twenty  miles  per 
hour,  and  can  run  at  an  average  sj>eed  of  twelve 
miles  per  hour  through  an  average  country. 

The  boiler  has  105  feet  of  effective  heating- 
surface.  The  flue-tul>es  are  2  inches  in  diameter, 
and  2  feet  6  inches  long,  brazed  into  a  copper 
tire-box,  the  sides  of  which  are  inclined.  Thcshort 
boiler-tubes  favour  the  jwssage  over  steep  gra- 
dients, mid  a  low-pressure  of  exhaust  steam,  for 
which  the  valve-motion  is  socially  designed. 
The  boiler  works  at  150  lb.  pressure,  and  is  fitted 
with  Clark's  smoke-consuming  ap'iaratus. 

The  frames  are  of  $  steel,  attached  to  the  back 
and  front  plates  of  the  boiler,  and  are  continued 
forward  for  the  carrLige  de|mrtment  A  com- 
bined steel  and  wood  frame  is  placed  transversely 
over  the  cylinders  ;  and  a  central  longitudinal 
frame  of  steel  from  the  smoke-box  to  the  cross 
leading  frame,  to  which  the  steering-spindle  fork 
Is  attached.  Thus  a  firm  and  light  support  is  given 
to  each  of  the  cross  frames.  The  slides  of  the 
main  axle  are  inclined,  so  as  to  divert  |>ercussive 
action  from  the  main  springs  in  going  forward, 
and  to  keep  the  spur-gear  at  its  pro|ier  centres. 
The  weight  of  the  boiler  and  the  principal  ]>art 
of  machinery,  amounting  to  5$  tons,  is  borne  by 
the  driving-wheels,  which  may  be  reversed  and 
skidded  when  it  is  necessary  to  stop  instantly. 
An  ordinary  brake  is  provided. 

The  motion  consists  of  spur-gear  in  duplicate 
in  the  ratio  of  5  to  1,  with  which  the  pistons 
attain  a  speed  of  G50  feet  |*r  minute,  or  alxait 
half  the  sj»eed  of  the  carriage.  If  the  carriage 
were  arranged  for  40  passengers  the  gearing 
would  l>e  in  the  ratio  of  about  7  to  1. 

For  the  easy  working  of  the  geairing,  as  the 
driving-wheels  are  frequently  moved  at  different 
sj>eeds,  "  Roberts'  universal  differential  motion  " 
is  applied  to  the  main  axle.  The  gearing  in 
connection  with  the  differential  gear  is  sjiecially 
adapted  to  suit  itHclf  to  the  varying  inclinations 
of  the  driving-axle  on  uneven  roads.    As  it  is 


new,  ir  merits  a  |NU*ticular  description.  The 
main  shaft  (k)  is  a  bolt  or  liar,  with  its  centre 
cross-pin  and  two  bevel  wheels  or  couplings  (j  J) 
free  to  move  any  way  ;  on  this  centre  bar  the 
other  two  bevel  wheels  (l  l)  and  the  two  driving- 
wheels  (m  m)  are  respectively  connected  firmly  to- 
gether by  wrought-iron  hollow  shafts,  moving 
free  upon  the  centre  shaft  Uj>on  these  external 
shafts  the  spur-wheels  (n  n)  are  fitted  freely,  and 
are  driven  by  the  two  pinions  (i  i)  fast  on  the  first- 
motion  crank-axle.  The  two  spur-wheels  (x  a) 
move  the  first  two  bevels  ami  also  the  central 
shaft  by  two  driving-bars  (j  j),  each  of  which 
moves  freely  on  its  three  points  of  contact,  and 
thus  allow  the  two  spur-wheels  to  keep  in  con- 
nection with  their  resjjective  pinions,  in  all  the 
relative  ]>ositions  of  the  two  axles.  Their 
united  |K>wer  is  transmitted  to  the  central  bevel 
wheels  through  the  two  universal  driving-bars 
(j  j).  When  the  carriage  moves  along  a  straight 
road  the  l>cvel  wheels  merely  perform  the  office 
of  circular  clutch -couplings  ;  but  on  passing 
round  curves,  they  give  way  and  admit  of  either 
driving-wheel  ttkiug  the  inner  curve,  and  even 
if  necessary  to  become  stationary  whilst  the 
other  wheel  makes  a  circuit  round  it 

The  driving-wheels  are  4  feet  in  diameter  and 
;  7  inches  wide.    They  consist  of  a  cast  boss  with 
steel  spokes  and  rim,  fitted  with  outer  wood 
.  segments  and  exterior  tire.    Wearing  segments 
j  are  bolted  to  the  tire,  and  may  be  readily  re- 
placed.   The  cylinders  (z  z)  are  6  inches  in  dia- 
I  meter  with  8-inch  stroke,  with  an  ordinary  link- 
|  motion, ami,  in  addition, an  expansion  link-motion 
for  forward  gear,  giving  a  free  exhaust,  and  cut 
ting  off  up  to  one-fifth  of  the  stroke.  Grays 
variable  blast-pipe  is  applied.    The  regulator  is 
closed  by  the  reversing  lever  when  reversed. 

The  steering  is  effected  with  ease  ;  there  is 
but  one  leading  wheel,  and  the  olwtmetions  of 
the  road  are  resisted  by  the  vertical  axis,  which 
is  a  forked  steering-shaft  It  is  allowed  to  rise 
and  fall  as  well  as  to  turn  freely,  by  means  of  a 
parallel  motion  by  which  the  longitudinal  strains 
l  are  received  by  a  fixed  pin  level  with  its  axle, 
and  made  fast  to  the  frame  lietweeu  the  cylinders. 
The  parallel  rods  (f  e)  have  a  universal  hold  of  a 
lssun  lever,  and  also  of  the  axle  of  the  leading 
wheel,  so  that  any  shock  received  by  the  wheel 
in  any  j>osition  is  transmitted  to  the  frame. 

The  coke  or  coal  bunkers  earn*  G  cwt,  which 
suffices  for  a  journey  of  30  miles.  The  water- 
tank  holds  150  gallons,  which  can  l»c  heated  by 
the  waste  steam.  The  boiler  is  fed  by  a  pump 
worked  by  the  engine,  and  by  a  donkey  pump  in 
addition,  to  l»e  used  when  the  carriage  is  not  in 
motion. 

Messrs.  Yarrow  &  Hilditch,  London,  exhi- 
bited a  steam  passe nger-carriage  for  common 
roads,  constructed  to  carry  twelve  passengers. 
It  was  built  by  Mr.  T.  W.  Cowan,  Greenwich. 
The  main  frames  are  made  of  ash  4£  inches 
deep,  plated  on  both  sides  with  j-inch  iron  ; 
they    carry   two    iron   foundation -plates  for 
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the  cylinders  and  other  working  parts.  The 
driving-wheels  art;  3  feet  in  diameter  and 
3  inches  broad,  with  outside  bearings,  and  over- 
hung cranks  to  which  the  cylinders  are  connected 
directly,  without  the  intervention  of  gearing. 

To  maintain  a  uniform  distance  between  the 
cylinders  and  the  axle  under  the  play  of  the 
springs,  on  winch  the  weight  is  supported,  links 
are  substituted  for  axle-box  guides  ;  causing  tho 
axle  to  play  in  a  curve.  Thus  the  action  of  the 
slide-valves  is  not  interfered  with,  and  the  wear 
and  tear  of  guides  is  avoided.  The  working 
parte  arc  protected  from  dust  by  a  sheet-iron 
casing.  The  cylinders  are  5  inches  in  diameter 
with  a  9-inch  stroke.  The  boiler  is  upright,  and 
tubular,  with  a  steel  shell  2  feet  in  diameter 
and  3  feet  G  inches  high  ;  it  has  G5  square  feet 
of  heating-surface,  and  a  firegrate  20  inches  in 
diameter.  The  steering  is  effected  by  means  of 
a  chain,  the  ends  of  which  are  attached  to  a 
wheel-plate  and  passed,  round  a  worm  fixed  on 
an  upright  spindle,  with  a  hand-wheel.  A  re- 
veraing-lever  and  a  brake  are  also  placed  within 
the  reach  and  control  of  the  steersman.  The 
water-tanks  are  placed  under  the  seats,  and  the 
fuel  is  carried  in  the  tender.  The  gauge  of  the 
front  or  steering  wheels  is  5  feet  G  inches.  That 
of  the  driving-wheels  is  only  3  feet  3  inches,  the 
narrowness  of  which  facilitates  turning  corners 


without  throwing  either  of  the  wheels  out  of 
gear.  With  50  lb.  to  70  lb.  steam  the  carriage 
can  be  started  with  the  front  wheels  fully  locked. 
The  total  weight  of  the  carriage,  fully  loaded, 
is  2}  tons,  of  which  about  34  cwt  is  on  the 
driving-wheels  and  11  cwt  on  the  front  wheels. 
The  carnage  is  reported  to  have  ascended  a  slojte 
of  1  in  20  with  ease,  and  to  have  attained  a 
speed  of  from  15  to  18  miles  per  hour  on  a  level 
road.  For  large  carriages  horizontal  boilers 
are  used,  placed  directly  over  the  driving- 
axle,  with  the  water-tank*  underneath.  The 
body  of  the  carriage  is  made  like  that  of  an 
omnibus,  excepting  that  passengers  enter  at 
the  front,  and  it  completely  encloses  the  boiler 
and  engines. 

In  carriages  that  have  been  built  for  use  in  t  he 
West  Indies,  the  driving-wheels  are  4  feet  in 
diameter,  with  tires  4  inches  broad,  and  3  feet 
9  inches  gauge.  The  front  wheels  have  5  feet 
G  inches  gauge.  The  axles  are  9  feet  ajiart,  and  the 
length  overall  is  1G  feet  G  inches.  The  horizontal 
lx>iler  is  3  feet  in  diameter  and  4  feet  long,  with 
an  internal  flue  and  return  tubes.  The  exhaust 
steam  may  be  condensed  for  short  periods,  M  hen 
any  difficulty  from  the  noise  is  experienced. 
With  the  exception  of  the  chimney  and  steering 
apparatus,  the  carriage  is  similar  in  outward 
api>earance  to  an  ordinary  vehicle. 


SECTION  II. 


MARINE  ENGINES. 


CHAPTER  I. 

INTRODUCTORY  REMARKS. 

The  display  of  marine  engines,  though  neces- 
sarily limited,  was  varied,  and  embraced  the 
leading  types  of  construction.  In  1851,  paddle- 
engines,  in  various  forms,  were  chiefly  exhi- 
bited, and  oni!  or  two  screw-engines  were  added. 
In  18G2,  screw-engines,  in  various  forms,  were 
chiefly  exhibited,  and  one  or  two  j>addle-engines 
were  added.  Whence  it  appears  that  the  paddle 
has  been,  to  a  great  extent,  su])erseded  by  the 
screw  for  marine  propulsion  ;  for  war  purposes 
entirely  so,  for  at  least  one  obvious  reason, — that 
the  screw  system  of  propulsion  offers  facilities 
for  disusing  of  the  whole  of  the  machinery  con- 
siderably l>elow  the  water-line,  for  the  sake  of 
general  stability,  and  of  working  with  compara- 
tive safety  out  of  the  direct  reach  of  shot. 
But  the  necessity  for  placing  the  machinery  in  1 
the  lowest  practicable  position,  and  disusing 
it  with  its  greater  dimensions  transversely  to  I 
the  hull  of  the  vessel,  has  enforced  the  adop- 
tion of  special  exi>edieiits  for  disposing  the  I 


engine  compactly  and  equally  on  both  sides 
of  the  crank-shaft.  In  these  modifications  or 
departures  from  the  normal  form  of  engine, 
consisted  the  chief  interest  of  the  display  ; 
and  the  chief  condition  which  regulated  the 
design,  was  the  recognized  necessity  for  provid- 
ing a  sufficient  length  of  connectuuj-rod.  In 
the  placing  of  screw-engines,  it  may  be  said  that 
constructors  uniformly  place  the  cylinders  on 
one  side  of  tho  crank-shaft,  and  the  pumps  and 
condensers  on  the  other  side.  The  divergence 
in  detail  lies  in  the  means  of  connecting  the 
cylinder  to  the  crank -shaft,  which  has  been 
treated  in  three  ways — by  the  return  connect- 
ing-rod, by  means  of  the  tnmk,  and  by  the 
short  connecting-rod, — typified  resjtectively  in 
the  engines  of  Messrs.  Maudslay,  Sons,  &.  Field, 
Messrs.  John  Penn  &  Son,  and  Messrs.  Hum- 
phrys  it  Tcnnant,  and  illustrated  by  the  sub- 
joined block  elevations,  with  the  same  proportions 
of  cylinder.  The  method  of  the  return  rod, 
No.  1 ,  gives  a  connecting-rod  of  five  times  the 
length  of  the  crank,  and  occupies  the  shortest 
length  of  space,  admitting  of  the  cylinders  being 
placed  closer  to  the  crank-shaft  than  in  other 
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forms  of  engine ;  the  trunk,  No.  2,  also  affords 
a  five-length  connecting-rod  ;  and  the  short  rod, 
No.  3,  is  only  three  and  a  half  times  the  length 
of  the  crank,  whilst  it  occupies  about  the  same 
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No.  ^.-Ordinary  Eugiuo. 


sjiace  as  the  trunk-engine — not  allowing,  how- 
ever, for  the  horizon t;il  j>lay  of  the  trunk,  which 
requires  additional  space  ;  No.  4  represents  an 
ordinary  engine  with  a  connecting-rod  five  times 
the  length  of  crank,  occupying  the  greatest 
length  of  all  (figs.  320). 

For  mercantile  pur] rases,  the  upright  inverted- 
cylinder  engine  is  much  in  favour,  and  has  been 
fairly  represented. 


CHAPTER  II. 

MAKINE    ENGINES    EXHIBITED    BY  MESSRS. 
MAUDSLAY,  SONS,  AND  FIELD. 

Messrs.  Maudslay,  Sons,  «fc  Field,  London, 
exhibited  the  liorizontal  direct-acting  screw- 
engines  of  H.M.S.  Valiant,  iron-plated,  together 
with  a  number  of  finished  working  models  of 
marine  engines.  Amongst  these  models,  those 
of  the  engines  for  H.M.S.  Prince  Consort  and 
Odavia  are  most  deserving  of  notice,  as  the 
former  comprises  the  most  recent  touches  of 
improvement  in  the  system  of  the  return 
connecting-rod,  and  the  latter  embodies  an 
effective  arrangement  with  three  cylinders, 
sjracially  designed  for  regularity  of  motion,  and 
for  economical  exjwinsive-working. 

1.  The  horizontal  direct-acting  screw-engines 
for  H.M.S.  PrinceConsort,  of 1,000  nominal  horse- 


power. (Plates  XXX  and  XXXI.)  The  cylin- 
ders of  these  engines  are  92  inches  in  diameter, 
with  a  4-feet  stroke  of  piston,  and  a  connecting- 
rod  10  feet  in  length.  Working  at  full  power, 
the  engines  make  from  55  to  GO  revolutions 
per  minute;  and  they  have  indicated  »  maximum 
of  4,234-horsc  jrawer.  As  l>efore  observed,  these 
engines  ure  so  arranged  that,  while  they  occupy 
the  lowest  possible  jrasition  in  the  vessel,  they 
admit  of  the  use  of  a  comparatively  long  con- 
necting-rod, thereby  reducing  the  thrust  or 
pressure  ujran  the  crosshead-guides.  There  aro 
two  long  piston-rods,  one  passing  over  and  the 
other  under  the  crank-shaft,  from  which  tho 
system  is  commonly  known  as  that  of  tho 
double  piston-rod.  The  two  rods  are  united 
in  a  diagonally-formed  cmsshead  on  the  other 
side  of  the  crank-shaft,  from  which  the  con- 
necting-rod works  back  to  the  crank.  The 
slipj>er-guide  for  the  crosshead  consists  of  a 
sliding  surface  on  the  l>ed  of  the  engine,  fitted 
with  adjustable  wealing  pieces,  ujran  which 
the  crosshead  works,  ami  ujran  which  the  whole 
thrust  of  the  connecting-rod  is  delivered.  It 
overlujw  the  foot  of  the  crosshead  on  both  sides 
by  oblique  bearings  with  V  ]>ieccs,  and  so  resists 
the  upward  strain  of  the  eonnecting-rod  when 
the  engines  are  reversed.  The  crank-shaft,  in 
jiroximity  to  the  cylinders,  works  in  plummer- 
blocks  which  are  in  single  castings  of  great 
depth,  Iralted  to  the  cylinders,  forming  a  con- 
nection of  great  strength  and  stiffness. 

The  slide-valves  ait  off  the  steam  at  five- 
eighths  of  the  stroke  ;  they  are  placed  vertically 
on  the  sides  of  the  cylinders,  and  are  worked 
direct  from  the  crank-shaft  by  the  ordinary 
link-motion,  with  solid  gun -metal  excentric- 
rods  cast  in  one  jnece  with  the  half-strap.  The 
link-motion  is  used  only  for  starting  and  revers- 
ing the  engines,  not  as  exjiansion-gear.  Tho 
valves  are  of  the  gridiron  form,  or  double-jrarted, 
and,  comjmred  with  single-jrarted  valves,  they 
have  only  half  the  travel,  and  enable  the  engines 
to  be  more  quickly  reversed,  with  only  half 
the  jrawer  to  work  them.  They  arc  fitted  with 
equilibrium -rings  on  their  backs,  to  relieve 
them  of  the  steam  -  pressure,  the  interior  of 
the  rings  being  in  communication  with  the 
condenser.  The  link  for  working  the  slide- 
valves  is  lowered  ujran  and  carried  by  the  block, 
through  which  the  motion  is  transmitted  to  the 
valve  ;  and  thus  any  jday  or  slij>  of  the  block  in 
the  link  is  j)revented.  The  sustaining  bar  is  made 
with  a  slot-hole  in  its  lower  end,  to  allow  for  play. 
Variable  expansive-working,  by  cutting  off  at 
from  one-sixth  to  five-sixths  of  the  stroke,  is 
separately  jirovided  for  by  means  of  revolving 
equilibrium-valves,  with  four  openings  for  steam, 
which,  with  the  throttle -valves,  arc  placed 
immediately  on  the  tops  of  the  slide-jackets, 
and  an?  driven  by  gearing  from  the  crank-shaft, 
making  ono  revolution  to  two  of  the  crank- 
shaft. Tho  adjustment  of  the  valve  for 
various  degrees  of  exj)ansive  working  is  effected 
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Fio.  321. 


by  turning  it  upon  the  spindle  by  which  it 
in  carried  and  driven,  so  as  to  change  the 
position  of  the  openings  by  advance  or  by  reces- 
sion, and  so,  in  the  course  of  its  revolution, 
to  cut  off  tli-  steam  at  an  earlier  or  a  later 
point  of  the  stroke.  The  valve  is  shifted  by 
means  of  a  sliding-feather,  fitted  into  a  straight 
groove  in  the  spindle,  and  into  a  spiral  slot  in  a 
long  socket  attached  to  the  valve  ;  the  feather, 
being  advanced  or  withdrawn  longitudinally 
upon  the  spindle,  shifts  the  valve  radially  to 
the  needful  extent.  The  engines  may  be 
started  in  any  position  by  working  or  reversing 
the  links  separately,  which  are  so  arranged  for 
the  purpose,  by  which  the  engine  can  be  backed. 

The  cylinders  are  covered  with  steam-jackets, 
inclosing  a  2^-inch  space,  in  which  they  are 
completely  enveloped.  The  jackets  are  supplied 
with  steam  directly  from  the  main  steam-pipe  ; 
one  pipe  takes  steam  to  the  circumference  and 
front,  and  another  to  the  cylinder-covers  at  the 
back,  independently  of  the  supply  of  steam  to 
the  cylinder  itself.  The  piston-rod  glands  are 
fitted  with  worm-wheels  and  a  tangent -screw, 
by  which  they  may  be  turned  simultaneously 
and  in  equal  degrees,  and  may  lie  tightened  with 
ease  and  safety  whilst  the  engines  are  working 
(fig.  321).    The  relief-valves  at  the  ends  of  the 

cylinders  may  tie  eased 
by  means  of  levers 
worked  from  the  plat- 
form, by  which  the 
springs  are  lifted  off 
the  valveR,  in  case  of 
any  water  from  con- 
densation or  priming 
collecting  in  the  cylin- 
ders. By  thus  permit- 
ting the  valves  to  lift 
freely,  the  water  easily 
escapes  from  the  cy- 
linders, and  the  risk 
of  damage  is  avoided. 
The  steiun  -  pipes,  of 
copper,  are  made  with 
an  expansion-  joint, 
constructed  by  form- 
ing broad  flanges  on 
the  ends  of  the  pipes, 
and  bolting  them  to- 
gether at  their  circumferences  with  brass  rings 
interposed  and  brazed  to  them,  to  give  the 
necessary  clearanco  for  contraction  between  the 
ends  of  the  pipes. 

The  condensers  and  air  pumps,  on  the  other 
side  of  the  crank-shaft,  are  separated,  and  disjiosed 
at  the  outer  sides  of  the  engine,  leaving  an  open 
space  for  the  engineer's  platform,  in  an  elevated 
position,  from  which  the  principal  working  parts 
of  the  engines  can  be  freely  observed  and  easily 
got  at  whilst  in  motion.  The  condensers  being 
thus  placed  widely  apart,  and  opposite  the  valve- 
chests,  the  strum  is  directly  discharged  through 
straight  eduction-pipes,  in  which  the  upward  bends 
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usually  required  to  enable  the  pipes  to  clear  the 
cranks  are  entirely  obviated.  The  air-pumps  are 
double-acting,  and  are  worked  direct  by  rods  from 
the  pistons,  one  to  each  pump,  working  through 
the  cylinder-covers  with  stuffing-boxes.  The  air- 
pumps  are  lined  with  gun-metal,  ^  inch  thick, 
and  are  fitted  with  india-rubber  foot  and  delivery 
valves  on  gun-metal  seats.  The  condensers  are 
placed  altogether  above  the  level  of  the  air- 
pumps,  giving  a  fall  towards  the  pumps,  and  so 
improving  the  vacuums.  The  feed  and  the 
bilge-pumps  are  placed  under  the  platform,  and 
are  worked  from  the  cylinder-crossheads  ;  the 
valve-boxes  are  easily  accessible,  and  may  be 
sejiarately  examined  while  the  engine  is  at 
work.  The  hand-pump  may  be  worked  off  the 
end  of  the  crank -shaft,  by  a  pin  adjustable  in  a  V- 
slide  by  a  screw  and  nut,  to  give  any  required 
length  of  stroke.  All  the  shaft-"  brasses" 
consist  of  white  metal  run  into  gun-metal  cast*. 

The  engines  may  be  turned  by  manual  power 
by  means  of  a  large  worm-wheel  on  the  end  uf 
the  crank-shaft.  A  counterlialance-weight,  for 
the  cranks,  is  bolted  to  this  wheel. 

There  are  eight  boilers,  having  an  aggregate 
heating  surface  of  20,300  square  feet,  or  20  3 
feet  per  nominal  horse-power. 

The  engines,  boilers,  screw-shaft,  and  profiler 
weigh  altogether,  with  water  in  the  boilers,  750 
tons.  The  ship  is  277  feet  long,  58  feet  broad, 
and  has  19  feet  10  inches  depth  of  hold.  Her 
tonnage  is  4,045  tons.  She  carries  eleven  120- 
pounder  guns,  and  twenty  68-pounder  guns, 
weighing  in  all  120  tons;  besides  1,100  tons 
of  armour-plates, 

2.  Horizontal  Tliree-cyliiuler  Screw- Engine*, 
of  H.M.S.  Oclairiti,  51 -gun  frigate,  of  500  nomi- 
nal horse-power,  represented  by  a  working 
model  (figs.  322).  These  engines  were  designed 
on  the  double  piston-rod  principle,  for  working 
with  great  economy  of  fuel,  by  steam-jacketing 
the  cylinders  and  considerably  expanding  the 
steam,  with  surface-condensation,  and  the  use 
of  superheated  steam  ;  combined  with  unifor- 
mity of  motion  and  equable  power,  to  do  away 
with  the  vibration  of  the  vessel  incidental  to 
the  action  of  two  cylinders.  There  are  three 
cylinders,  each  66  inches  in  diameter,  with  a 
.stroke  of  3  feet  6  inches,  working  to  a  crank- 
shaft, with  the  cranks  equally  distributed  at 
angles  of  1 20°.  The  steam-jackets  are  applied  to 
the  circumferences  and  the  ends  of  the  cylinders ; 
and  it  is  intended  to  work  with  steam  at  from  201b. 
to  251b.  pressure  ]>er  square  inch.  The  collective 
sectional  area  of  the  three  cylinders  is  about  one- 
half  more  than  the  area  necessary  for  ordinary 
engines  of  two  cylinders  for  the  same  power. 
The  connecting-rods  are  6  feet  6  inches  long — 
only  3J  times  the  length  of  the  crank.  Special 
expansion-valves  being  dispensed  witli,  the 
steam  is  cut  off  entirely  by  the  slide-valves, 
which  are  double,  and  are  placed  on  the 
upper  side  of  the  cylinders ;  they  are  also  double- 
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ported,  with  an  additional,  third,  opening  at 
each  end,  "  to  give  the  requisite  area  of  opening 
for  the  steam-port."  The  two  porta  in  each  valve 
are  each  2  feet  7  inches  long,  by  2£  inches  wide, 
and   the  additional  opening  is  §  inch  wide. 


Fios.  322. 


HoftlZOVTAl  TlllKI-CTLIMDII  Si  uiw.Ksr.HBS,  fif  .W  hor»<> 
power,  by  Maui,  MaudaUv,  Sous,  *  Field,  London. 


The  valves  are  set  to  cut  off  at  from  one- 
fourth  to  one-seventh  of  the  stroke.  They 
are  worked  by  a  smaller  crank-shaft  placed 
across  tho  engine  immediately  in  front  of  the 
slide-jackets,  and  driven  from  the  main  crank- 
shaft by  means  of  spur-gearing,  of  which  two 
intermediate  spur-wheels  are  mounted  in  a  mov- 
able frame,  which  may  be  raised  or  lowered 
from  the  platform,  whilst  in  gear  with  the  spur- 
wheels  on  the  crank -shafts.  By  so  changing 
their  angular  position  with  resjttct  to  the  main 


crank-shaft,  the  upper  crank -shaft  is  shifted 
radially,  and  the  valves  are  caused  to  cut  off 
earlier  or  later  as  may  be  required.  The  same 
gearing  is  used  for  starting  and  reversing  the 
engines,  as  the  |>osition  of  the  slide-crankB  may 
be  altered  sufficiently  for  the  purpose  ;  they  may 
be  Bet  back  so  far  as  to  allow  the  steam  to 
M  dwell  on  "  for  al>out  the  Btroke,  for  starting. 

Two  of  Hall's  surface-condensers  are  applied  ; 
they  are  placed  on  the  extreme  right  and  left  of 
the  engine,  with  the  platform  between  them, 
from  which  the  machinery  is  easily  observed. 
They  are  similar  to  those  applied  by  the  exhibi- 
tors to  the  engines  of  H.M.S.  Grander,  in  1842, 
in  which  the  condensing  water  surrounds  the 
tubes,  the  steam  being  inside.  Each  condenser 
is  fitted  with  i-inch  copper  tubes,  No.  18  wire- 
gaugo  in  thickness,  having  an  aggregate 
length  of  ~>\  miles.  The  condensing  water  is 
driven  through  the  condensers  by  two  double- 
acting  Bolid-piston  pumps,  fitted  with  lignum- 
vita?  packing,  driven  direct  from  the  pistons 
of  the  outer  cylinders.  The  air-pumps  are  also 
placed  opposite  the  outer  cylinders,  and  are 
worked  each  by  a  bracket  from  one  of  the  piston- 
rods. 

The  steam  is  superheated  by  an  apparatus  in- 
vented by  the  late  Mr.  Field  in  1859 — a  number 
of  flattened  iron  tubes,  placed  in  the  uptake  of  the 
l>oiler,  which  are  traversed  by  the  steam  on  its  way 
to  the  engine.  The  ends  of  the  tubes  are  circular 
and  arc  fixed  in  tube-plates,  from  which  defective 
tubes  may  be  withdrawn  and  replaced.  The 
feed-water  is  heated  in  a  narrow  chamber  or 
casing,  2  inches  wide,  on  the  front  of  the  su|>er- 
heater,  before  it  passes  into  the  boiler.  The 
boilers  are  worked  at  the  usual  Admiralty 
pressure,  201b.  per  square  inch,  and  are  a  third 
less  in  size  than  those  commonly  provided  for 
the  same  power  of  engine. 

The  machinery  of  the  Octavia  was  constructed 
by  order  of  the  Admiralty  with  a  view  to 
illustrate  and  experiment  upon  the  various  known 
means  of  effecting  economy  of  fuel ;  the  vessel 
being  a  converted  frigate  designed  by  Sir  William 
Symouds.  At  the  official  trial  in  Stokes  Bay, 
in  November,  1862,  the  vessel  was  propelled  by 
a  Griffiths  screw,  18  feet  in  diameter,  and  20- 
feet  pitch,  and  attained  a  speed  at  full  power  of 
12  }  knots  per  hour,  making  70  revolutions  per 
minute,  with  a  steady  pressure  of  20  lb.  per  inch 
in  the  boiler,  and  a  vacuum  of  28|  inches  of 
mercury.  It  is  exacted  that  the  consumption 
of  fuel  will  l>e  about  one-half  of  tliat  of  ordinary 
engines  of  equal  power  (figs.  322).  At  the  trial 
trip,  li]  IK.  of  coal  was  consumed  per  indicator 
bone-power.  A  considerable  saving  of  fuel  has 
also  lx'en  realized  in  several  vessels  running 
between  London  and  the  Mediterranean  j>orte, 

recently  fitted  with  engines  of  this  description, 
of  150  nominal  horse-power,  fitted  with  Halls 
surface -condensers.  Working  with  steam  of 
221b.  pressure  per  square  inch,  and  a  steady 
vacuum  of  from  26 \  to  27 £  inches  of  mercury, 
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the  ordinary  consumption  of  coal  is  about  2h  lb. 
per  indicator  horse  power. 

3.  Horizontal  Direct  dieting  Screw-Engines, 
with  double  piston-rods,  constructed  for  H.M. 
armour-plated  screw-ship  Valiant,  collectively 
of  800  nominal  horse-power,  with  82-inch  cylin- 
ders, 4-feet  stroke,  and  making  00  revolutions  per 
minute  at  full  jiower.  The  general  design  of  these 
engines  is  immediately  antecedent  to  that  of  the 
Prince  Consort'*  engines,  and  was  brought  out 
twelve  years  ago,  just  after  the  Great  Exhibition 
of  1851.  They  are,  in  all  prolmbility,  to  be  the 
last  of  their  class.  In  the  general  arrangement 
these  engines  are  similar  to  those  of  the  Prince 
Consort  already  descriljed,  excepting  that  the 
condensers  and  air-pumps  are  placed  low  and 
in  the  middle,  and  there  are  double  guides 
for  the  crossheads.  They  comprise  the  novel 
features  of  the  latter,  with  the  important  ex- 
ception that  the  valve-gear,  which  is  direct  in 
the  Prince  Consort,  is  inverted  in  the  Valiant,  in- 
asmuch as  the  link-motion  works  to  a  rocking- 
shaft  over  the  condensers,  from  which  the  valves, 
placed  on  the  top  of  the  cylinders,  are  worked 
by  return-rods.  There  are,  in  fact,  two  valves  to 
each  cylinder,  working  simultaneously  over  the 
steam-ports,  which  are  in  two  breadths,  and  admit 
of  a  stronger  cylinder-casting  and  shorter  passages 
than  if  in  one  breadth.  The  intervention  of  the 
rocking-shaft  admitted  of  the  use  of  excentric- 
rodB  of  great  length,  a  feature  in  which  they 
contrasted  favourably  with  the  short  direct  rods 
of  the  Prince  Consort ;  but  it  involved  a  great 
deal  of  mechanism,  which  has  been  entirely 
swept  away  in  the  more  recent  engines.  In 
theM,  it  is  true,  the  excentric-rods  are  very  short, 
and  wotdd,  if  the  link  were  used  for  expansive- 
working,  incur  an  objectionable  extent  of  slip 
between  the  block  and  the  link;  but  the  duty  of 
the  link  Ijcing  confined  to  the  working  of  the 
slides  in  full  gear  with  a  fixed  cut-on*',  it  is  allowed, 
by  a  happy  contrivance,  to  rest  solidly  on  the 
block  wh  en  going  ahead,  and  the  slip  is  thereby 
eliminated,  whilst  a  steadier  movement  is 
obtained. 

4.  Horizontal  Direct-acting  Screw- Engines, 
with  double  piston-rods,  exhibited  in  model, 
for  H.M.  armour-plated  iron  ship  Aginconrt,  of 
1,3.10  nominal  hone-power.  The  cylinders  are 
101  inches  in  diameter,  with  a  stroke  of  4  feet 
G  inches.  The  slide-valves  are  double-ported, 
worked  by  the  link-motion,  and  they,  with  the 
expansion-gear  and  other  recent  appliances,  are 
similar  to  the  fittings  of  the  Prince  Consort.  The 
valves  are  each  in  two  distinct  pieces,  placed 
one  above  the  other,  edge  to  edge,  with  separate 
rods.  They  are,  of  course,  simultaneous  in 
their  movements,  and  they  admit  of  a  stronger 
cylinder-casting,  with  two  half  steam-ports  in 
place  of  one  long  one. 

5.  I/orizontaf-  Direct -acting  Screio- Engines, 
with  double  piston-rods,  exhibited  in  model,  for 


vessels  of  light  draught  These  engines,  of  200 
nominal  horse-power,  have  been  applied  to 
H.M.  steam-sloops,  Muiine  and  Caineleon,  of 
17  guns,  and  to  several  despatch-vessels  in  the 
British  and  foreign  navies. 

6.  OsciUating-cylinder  Paddle- Engine*,  direct 
acting,  exhibited  in  model.  Engines  of  this  class 
have  l>ecn  fitted  on  board  the  Royal  Mail  steam- 
ship Mersey,  of  250  nominal  horse  power,  and 
several  other  fast  passenger-ships. 

7.  Direct-acting  JJari)ie  Screw- Engines,  with 
double  piston-rod,  exhibited  in  model,  for 
H.M.S.  Victoria,  of  131  guns,  and  the  JAnety 
frigate,  of  40  guns;  of  1,000  nominal  horse- 
power, with  92-inch  cylinders,  and  4-feet 
stroke,  resembling  the  engines  of  the  Valiant. 

8.  l'}>rigld  Annular  Cylinder  -  Engines,  in 
model,  designed  by  the  late  Mr.  Joseph  Mauds- 
lay,  for  driving  the  screw  on  board  merchant 
ships  and  private  yachts. 

9.  Featltering  Screw,  in  model,  designed  by 
the  late  Mr.  Joseph  Maudslay.  This  propeller 
has  been  for  several  years  worked  with  success 
on  board  the  vessels  of  the  late  General  Screw 
Steam  Shipping  Company ;  and  has  recently 
been  fitted  to  H.M.  steam-frigate  A  urora,  of  4<xi 
nominal  horse-]>ower,  and  51  guns.  The  pitch 
can  be  readily  changed  from  the  deck,  while  the 
engines  are  at  full  speed  ;  and  when  the  ship  is 
under  sail  only,  the  blades  may  be  placed  in  a 
fore  and  aft  position,  parallel  to  the  keel,  so  as 
to  offer  a  minimum  resistance  to  the  progress  <>f 
the  ship,  and  to  obviate  the  necessity  for  raising 
the  screw  when  sailing. 

10.  A  CrossJieatl  and  a  Connecting  rwl  for  the 
engines  of  the  Aginconrt,  well  forged  and 
finished. 


CHAPTER  III. 

MARINE  EXCISES  EXHIBITED  UY  MESSRS. 
JOHN  TEXX  ANH  SOX. 

Messrs.  John  Penn  k  Son,  Greenwich,  exhi- 
bited a  pair  of  Itorizontal -trunk  engine*,  collec- 
tively of  G00  nominal  horse-power,  to  drive  the 
screw,  18  feet  in  diameter,  on  board  the  first- 
class  frigate  the  Gerona,  in  the  Spanish  navy. 
The  trunks,  made  in  one  piece  with  the  pistons, 
work  through  both  ends  of  the  cylinder,  and 
the  connecting-rod  has  it*  bearing  upon  and 
within  the  trunk  at  the  middle  of  its  length, 
taking  the  whole  of  the  thrust  of  the  connect- 
ing-rod, and  so  dispensing  with  the  ordinary 
guides  and  piston-rods.  The  cylinders  are  6 
feet  G  inches  in  diameter,  with  a  3  feet  G  inch 
stroke ;  the  trunk  is  2  feet  8 J  inches  in  diame- 
ter, with  a  sectional  area  of  between  a  fifth  and 
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a  sixth  of  the  cylinder,  leaving  a  working  area 
of  piston  equal  to  that  of  an  ordinary  piston  of 
5  feet  1 1  inches  in  diameter ;  the  maximum 
speed  at  full  power  is  64  revolutions  per  minute, 
with  steam  of  20  lb.  pressure  ]>er  inch.  The 
valves  are  ordinary  slides  placed  vertically  on 
the  outer  sides  of  the  cylinders,  and  moved  di- 
rectly by  outside  link-motions  from  the  crank- 
shaft. A  small  auxiliary  valve  is  placed  ujK>n 
the  top  of  each  cylinder,  with  steam-passages  to 
the  cylinder*  to  supply  steam  from  the  main  to 
start  and  reverse  the  engiues  by  hand,  when  ne- 
cessary, as  the  links  do  not  in  all  positions  admit 
of  the  main  ports  being  opened  for  steam — the 
slides  lieing  made  with  considerable  lap, — and 
there  is  no  provision  for  working  them  sepa- 
rately. Expansion-gear  is  applied,  moved  by  a 
series  of  small  cams  on  the  crank  shaft  which  work 
a  reciprocating  valve ;  but  with  the  link-motion 
alone  the  steam  may  be  cut  off  at  from  three- 
eighths  to  five-eighths  of  the  stroke.  The  action  of 
the  cams  is  taken  off  by  a  friction- roller,  which  is 
held  in  contact  by  means  of  a  vacuum-cylinder 
and  piston.  The  cylinders  are  covered  with  felt 
and  wood  on  their  sides ;  but  the  ends  and  the 
trunks  are  bare.  The  cranks  are  fitted  with 
Ijalance-weights,  one  strapped  upon  each  crank- 
arm,  to  aid  in  neutralizing  the  momentum  of  the 
trunk  and  other  reciprocating  and  revolving 
pieces.  The  crank-shaft  is  13A  inches  in  dia- 
meter, and  has  remarkably  long  l>earings, — 30 
inches  in  length  ;  it  is  carried  in  cast-iron 
A  haped  or  triangular  frames  bolted  to  the 
cylinders. 

The  air-pumps  and  condensers  are  opj>osite  to 
the  cylinders.  Tho  pumps  are  worked  by  rods 
direct  from  the  pistons,  and  they  consist  of  a  solid 
piston  working  in  a  cylinder  open  at  both  ends, 
in  free  communication  with  the  valves,  which 
are  of  india-rubber,  having  gun-metal  seats  in  a 
horizontal  plate  over  the  barrel.  The  exhaust 
steam  passes  through  pipes  over  the  crank-shaft 
to  the  condensers.  The  whole  of  the  engine  is 
firmly  bolted  down  to  its  foundation. 

The  feed  and  bilge  pumps  on  each  side  of  the 
engine  are  fixed  upon  the  outside  of  the  con- 
densers, and  are  worked  in  a  line  by  one  plunger 
worked  by  a  rod  direct  from  the  piston.  A 
worm  wheel  Is  fitted  on  the  crank-shaft,  by  which 
it  may  be  turned  by  hand  when  required. 

The  heating  surface  of  the  boiler  amounts 
to  11,000  square  feet,  or  18  3  square  feet  per 
nominal  horse-power. 

Messrs.  John  l'enn  it  Son  also  exhibited  very 
perfect  pieces  of  workmanship,  the  result  of  the 
application  of  tools  to  the  finishing  of  nearly 
every  detail,  without  the  aid  of  handwork  : — 
A  crank -shaft  for  tho  AchiUes,  an  expansion- 
link  most  delicately  finished  by  tools,  a  large 
cylinder,  with  its  cover — one  of  the  Achilles  — 
finished  like  watchwork,  a  very  fine  specimen 
of  loam-casting,  sharply  defined  ;  also,  a  model 
of  the  oscillating-cylinder  engines  and  paddles 
on  board  the  Tham'cJ  river-Wts. 


CHAPTER  IV. 

MARINE  ENGINES  EXHIBITED  BY  MESSRS. 
HUMPHRYS  AND  TENNANT. 

Messrs.  Huraphrys  «fc  Tennant,  Deptford,  ex- 
hibited a  pair  of  horizontal  direct-acting  screw- 
engines  of  400  nominal  horse-power,  for  H.M.S. 
North  Star,  in  which  the  connections  of  the  cylin- 
dersand  cranks  are  like  those  of  an  ordinary  direct- 
acting  steam-engine.  Tho  exlubitors  have  dealt 
with  the  usual  difficulty  of  confined  space  by  short- 
ening the  connecting-rod, — thereby  approximat- 
ing the  cylinders  to  the  crank-shaft,  and  to  a  great 
extent  l>alancing  them  by  the  condenser  and 
puin:  on  the  other  side  of  the  shaft.  The 
cylinders  are  04  inches  in  diameter,  with  32  inches 
of  stroke.  They  are  not  steam-jacketed,  and 
the  exhaust  steam  is  discharged  into  an  exhaust- 
chamber,  cast  in  one  piece  with  and  over  them, 
common  to  both,  on  the  way  to  the  eduction-pijie. 
The  relief-valves  are  cast  with  two-way  3-inch 
cocks,  which  are  connected  together,  and  may  be 
instantly  opened  by  hand,  to  let  off  any  sudden 
accumulation  of  water  in  the  cylinders,  whilst 
the  relief-valves  themselves  remain  closed  to  the 
atmosphere. 

The  slide-valves  are  double-ported  ;  they  are 
applied  vertically  at  the  outer  sides  of  the  cylin- 
ders, and  arc  worked  by  a  link  motion  direct  from 
the  crank-shaft,  employed  for  all  the  purposes 
of  starting,  reversing,  and  expansive-working, 
without  any  additional  gearing.  The  valves  cut 
off  at  two-thirds  of  the  stroke,  in  full  gear.  The 
excentric-hoops  are  lined  with  a  strip  of  rolled 
brass,  inch  thick,  laid  in  and  free  to  slide 
with  the  exceutric  or  the  hoop.  The  link  is 
formed  of  a  simple  curved  bar,  4  inches  broad  by 
3h  inches  thick,  railed  the  bur  link.  In  itself 
it  is  simple  and  strong,  but  it  involves  the  use 
of  an  elal>orate  cylindrical  joint,  adaptable  to 
tho  varying  obliquity  of  the  link,  to  transmit 
the  motion  to  the  valve-spindle.  Every  wearing 
surface  is  carefully  provided  with  means  of  ad- 
justment. The  reversing-rod  Is  worked  from 
the  side  of  the  condensers,  low  down. 

The  connecting-rod  is  4  feet  8  inches  long,  or 
3  A  times  the  length  of  the  crank  ;  it  is  forged  with 
solid  ends  and  caps, — simple  and  substantial. 
The  crosshcad  works  in  a  slipper-guide  on  the 
base-plate,  turned  square  over  upon  the  edges  of 
the  guide  to  resist  upward  strains ;  the  gun-metal 
bearings,  in  two  pieces,  l>eing  produced  so  as  to 
form  the  slide.  The  slide  is  fitted  with  a  wearing 
piece  below,  formed  with  recesses  2  inches  in 
diameter,  to  hold  white  metal  for  wearing.  A 
water-pipe  is  provided  to  turn  on  water  and  cool 
the  guide  should  it  heat.  The  crank-shaft  is 
13|  inches  in  diameter,  and  the  length  of  its 
bearings  is  twice  the  diameter,  25  inches. 

There  are  onlv  one  condenser  and  one  central 
eduction-pipe,  direct  from  the  cylinders  to  the 
condenser,  to  which  the  engine  Is  jmrtly  indebted 
for  its  peculiar  air  of  simplicity.    The  eduction- 
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]»il>e  is  straight,  obviating,  in  virtue  of  its  central 
position,  the  usual  necessity  for  being  bent  in 
order  to  clear  the  cranks.  There  are  two  air- 
punqw  within  the  condenser,  worked  direct  by 
rods  from  the  Btentn-pistons.  As  there  Is  but  : 
one  condenser  with  the  air-pumps  to  balance  the  • 
cylinders ;  and  as,  on  the  contrary,  the  cylinders  ' 
are  necessarily  placed  at  some  distance  from  the 
shaft,  the  former,  in  order  to  counterbalance  the 
latter,  are  placet!  out  to  a  proportionally  greater 
extent  from  the  shaft  than  is  usual  with  double 
condensers  ;  but  the  intervening  sjHice  is  utilized 
by  making  a  convenient  pju+sage  across  the  engine 
behind  the  shaft.  The  eduction-pipe  is  made  with 
a  sliding  or  stuffing-box  joint,  to  adapt  itself  to 
the  regular  working  of  the  engine,  which  is  per- 
ceptible ;  the  steam -pipe  is  made  with  the  1k>x 
expansion-joint,  wliich  yields  sufficiently  for  the 
pur|)ose.  The  feed  or  bilge  pumps  are  worked 
by  rods  from  the  pistons  ;  they  are  double  acting, 
and  are  serviceable  for  both  purjioses, — feeding 
the  boiler,  or  discharging  bilge-water. 

The  central  portion  of  the  engine  is  cast  in 
one  piece  or  Iwise,  extending  the  whole  width  I 
across  the  engine,  and  having  the  three  plummer- 
blocks  for  the  crank-shaft  cast  solid  upon  it.  The 
slipper-guides  for  the  crosaheads  arc  bolted  to  it. 
The  outer  bearings  for  the  crank -shaft  are  stayed 
to  the  upper  parts  of  the  cylinders  by  turned 
wrought-iron  struts,  which  are  less  olwtructive  I 
to  the  view  of  the  engine  than  the  usual  A-framo 
of  cast-iron  would  be.  The  central  piece  is  bolted 
down  to  the  keel,  and  the  outer  pieces  —  the 
cy  ^rs,  and  the  air-pumps  and  condenser — 
an  laid,  not  bolted  down,  so  that  in  the 

ovt  .  tne  sides  of  the  ship  settling,  the  engine 
is  free  to  follow  the  change  of  level  in  the  floor, 
or  to  suspend  itself,  as  ]>ossibly  the  cylinders  may 
do,  upon  the  middle  piece. 

With  19  square  feet  of  heating  surface  per 
nominal  horse-]>ower,  engines  of  this  power  have, 
with  steam  of  24  lb.  pressure  per  inch,  exerted 
a  force  of  1 ,834  indicator  horse-power,  more  than 
four  and  a  half  times  the  nominal  power. 

Messrs.  Humphrys  «fc  Tennant  exhibited  also 
a  model  of  a  j>air  of  direct-acting  double- 
cylinder  inverted  engines,  for  driving  the  screw- 
propeller  of  the  Peninsular  and  Oriental  Steam 
Navigation  Company's*  ship  MooUttn,  of  400 
nominal  horse-power.  The  cylinders  are  steam- 
jacketed,  and  are  constructed  in  pairs  for  expan- 
sive working,  on  Woolf's  system,  the  smaller 
cylinder  being  al>ovc  the  larger  one — end  to  end 
with  it  They  arc  respectively  90  and  43  inches 
in  diameter ;  the  pistons  on  one  rod,  with  3-feet 
stroke,  making  from  GO  to  Go  revolutions  pet- 
minute.  The  steam  is  also  superheated  in  copper 
Buperheaters.  The  connecting-rod  is  four  times 
the  length  of  the  crank.  Each  of  the  four  cylin- 
ders has  its  slide-valve,  and  the  valves  are  worked 
in  pairs,  by  a  rod  to  each  j>air,  with  the  link- 
motion,  having  the  bar-link.  The  frames  contain 
the  surface-condensers.  The  condensing  water 
is  circulated  by  an  Appold  centrifugal  pump. 


The  two  air-pumps  arc  worked  by  rods  direct 
from  the  steam-pistons  ;  and  they  are  employed 
also  as  feed-pumps  for  the  boiler.  The  screw 
is  1G  feet  in  diameter  and  21  feet  G  inches 
in  pitch,  with  two  blades  3  feet  (i  inches  long. 
The  anuexed  statement  (made  in  April,  1862i 
of  the  results  of  long  trials  of  ships  on  the  Alex- 
andria line,  including  the  Mooltan,  working  with 
20  lb.  steam,  points  very  strongly  to  the  economy 
of  fuel  effected  by  the  judicious  use  of  the  means 
for  working  expansively.    (See  page  34.5.) 

This  statement  places  in  a  strikiug  light 
the  saving  to  be  effected  by  the  application  of 
known  means  of  economising  steam  by  expansive 
working.  Though  the  engines  are  of  400  horse- 
power, and  work  to  1,734  indicator  horse-power, 
their  Isnlera  have  only  4,800  square  feet  of  heat- 
ing surface,  or  1 2  square  feet  per  nominal  horse- 
power, and  1 80  square  feet  of  firegrate  surface, 
or  "450  square  foot  per  nominal  horse-power ;  yet 
they  supply  the  steam  required  for  the  duty. 
On  one  occasion,  from  noon  of  the  1  Gth  to  noon 
of  the  17th  April,  18G2,  the  Mooltan  ran  300 
miles,  averaging  GO  revolutions  j>er  minute,  with 
steam  of  24  lb.  pressure  per  square  inch,  and 
27$  inches  of  vacuum.  The  consumption  of 
fuel  has  averaged  for  long  periods  from  24  lb.  to 
2^  lb.  of  coal  j>er  indicator  horse-power  per  hour. 
The  engines  of  the  Mooltan,  in  short,  are  a  great 
success  in  durability  and  economy. 

The  engines  of  the  Peninsular  and  Oriental 
Steam  Navigation  Company's  ship  Carnatie,  of 
400  nominal  horse-power,  similar  to  those  of  the 
Mooltan,  exerted  2,442  indicator  horse-|K>wer 
on  a  trial  trip,  consuming  less  than  2  lb.  of  coal 
per  indicator  horse-power  per  hour. 


CHAPTER  V. 

MARINE  ENGINES  EXHIBITED  BY  MESSRS. 
RAVENHILL,  8ALKELD,  AND  CO. 

Messrs.  Ravenhill,  Salkeld,  <fc  Co.,  London, 
exhibited  four  working  models  of  marine  engi  ne*. 
1 .  The  oscillating  engines  wiUi  feathering  puddl*- 
whtelt  are  of  the  largest  class,  constructed  for 
the  City  of  Dublin  Company's  Holyhead  mail- 
packets Leintler  and  Connaught,  each  collectively 
of  720  nominal  horse-power.    (Plates  XXXII. 
and  XXXIII.)     The  cylinders  are  98  inches 
in  diameter,  with  a  stroke  of  6  feet  6  inches. 
There  is  no  expansion-gear,  and  the  steam  is  cut 
off  at  five  eighths  of  the  stroke.    Each  cylinder 
weighed,  when  finished,  upwards  of  20  tons,  and 
the  condensers,  cast  in  one  piece,  weighed  22  tons. 
The  air-pumps,  of  which  there  are  two,  are  on 
the  principle  designed  and  patented  in  1842  by 
the  late  Mr.  Joseph  Miller,  at  that  time  the 
senior  partner  in  the  firm  now  exhibiting.  They 
are  placed  within  the  condensers,  and  stand  at 
an  angle,-  one  on  each  side,  worked  by  an  inter- 
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mediate  crank  on  the  paddle-shaft.  The  foot 
and  delivery-valves,  and  those  of  the  air-pump 
buckets  are  of  india-rubber.  The  feed  and 
bilge -pumps  are  placed  in  tho  wing  corners 
of  the  foundation-frames,  and  motion  is  given 
to  the  plungers  by  levers  attache*!  to  the 
cylinders.  The  several  bearings  of  the  paddle- 
wheels  are  made  of  gun-metal.  Steam  is  supplied 
from  eight  multitubular  boilers,  having  forty 
furnaces,  with  an  aggregate  number  of  4,17(5 
tubes,  or  a  total  of  4  J  miles  of  tut>es,  with  a 
heating  surface  of  16,800  square  feet,  or  23 '3 
feet  per  nominal  horse-power.  With  steam  of 
20  lb.  pressure  |>er  inch,  both  vessels  attained  an 
average  sj>eed  at  the  official  trial  in  Stokes  Bay 
of  18  knots,  or  21  statute  miles,  j»er  hour, 
the  engines  making  2.7  to  26  revolutions  per 
minute,  and  exerting  4,751  indicator  horse-power. 
(Note. — The  indicator  power  exerted  was  at  tho 
rate  of  a  little  more  than  1 -horse  power  for 
each  flue-tube.)  The  paddles  are  feathering,  and 
are  32  feet  in  diameter ;  and  the  floatboards  are 
1 2  feet  long  and  5  feet  broad.  The  following 
additional  particulars  are  derived  from  the 
"  Practical  Mechanic's  Journal  Record  :  " — 
"  The  average  speed  in  all  weathers  of  the 
two  vessels  on  the  station  during  the  first  six 
months  of  the  new  postal  service,  ending  31st 
March,  1861,  between  Holyhead  and  Kings- 
town, was  15-451  knots,  or  a  little  under 
eighteen  statute  miles,  per  hour.  It  has  been 
found  that  a  slimy  film  of  organized  matter 
(inceptive  fouling)  attaches  to  the  hulls  of  those 
ships  so  rapidly,  after  coming  out  of  dock  newly 
coated,  that  within  one  month  the  8|>eed  is  re- 
duced about  a  mile  an  hour.  The  Leinster  has 
crossed  the  Channel  in  three  hours  and  twenty- 
one  minutes.  The  extreme  length  of  the  Lein- 
ster and  Connanght  is  350  feet ;  the  breadth,  35 
feet ;  tho  mean  draught,  12  feet  9  inches ;  and 
the  area  of  midship  immersed  section,  about 
328  square  feet.  The  consumption  of  fuel  is 
about  31b.  per  indicator  horse-|K>wer  per  hour. 
The  average  vacuum  Is  25  inches." 

2.  Direct-acting  Horizontal  Screw- Engines, 
with  double  piston-rod,  and  return  connecting- 
rod,  of  500  nominal  horse-power,  fitted  by  the 
exhibitors  on  board  several  of  her  Majesty's  90- 
gun  line-of-battle  sliips,  and  representing  engines 
of  tho  larger  class  made  for  the  British  and 
foreign  Governments  (fig.  323).  The  cylinders 
are  91  inches  in  diameter,  with  a  stroke  of 
3  feet  The  slide-valves  are  placed  vertically 
on  the  outride,  and  driven  direct  by  the  link- 
motion  ;  and  whilst  advantage  is  tiken  of  the 
arrangement — similar  to  that  of  the  Prince 
Contort,  already  described — to  bring  the  cylin- 
ders well  towards  the  fore-and-aft  centre-line  of 
the  ship,  there  is  ample  space  left  between  the 
connecting-rod  and  the  cylinders  for  getting  to 
the  glands  of  the  8tufEng-l>oxes  of  the  piston-rods, 
and  of  the  air-pump  rods  from  the  piston.  The 
connecting-rod  is  7  feet  6  inches  long,  having 


five  times  the  length  of  the  crank.  The  air- 
pumps  and  the  foot  and  delivery- valves,  which 
are  of  india-rubber  working  on  brass  seats,  can 
be  easily  examined  and  removed.  The  feed  and 
bilge-pumps,  in  brass,  are  fitted  with  india-rubber 
valves,  and  are  worked  direct  from  the  cross- 
heads.  Revolving  expansion-valves  are  ap- 
plied. In  1845,  a  pair  of  direct-acting  engines 
on  this  principle  were  ordered  for  H.M.  frigate 
Amphion,  of  36  guns,  of  300  nominal  horse- 
jK>wer, with  48-inch  cylinders  and  4 -feet  stroke; 
and  it  is  stated  that  these  were  the  first  engines 
constructed  in  England  on  that  principle.  Th.- 
design  for  these  engines  was  the  joint  production 
of  the  late  Joseph  Miller  and  Count  Rosen,  an 
officer  in  the  Swedish  navy.  The  boilers  were 
multitubular,  having  the  tubes  over  the  fire- 
places. These  engines,  also,  were  one  of  the 
earliest  applications  of  the  now  prevailing  system 
of  arranging  the  machinery  and  the  boilers  Mow 
the  load  water-line  in  vessels  of  war.  The 
exhibitors  have  since  applied  double  piston-rod 
engines  to  upwards  of  forty-two  vessels. 

3.  A  Pair  of  Paddle- Engines,  with  inclined 
oscillating  cylinders,  in  which  the  crank-shaft  is 
carried  by  two  bearings  :  the  intermediate  crank 
is  dispensed  with,  and  the  pump  is  worked  by 
an  excentric  on  the  shaft. 

4.  A  n  Engine  with  Surfacc-Contlenaers,  through 
which  the  condensing  water  is  driven  by  means 
of  an  Appold  pump  driven  by  the  engine.  When 
the  engine  is  at  rest,  the  pump  of  course  cannot 
lie  continued  in  action.  This  plan  of  engine, 
with  the  circulating-pumps  worked  by  inde- 
pendent engines,  is  now  ln-ing  followed  in  the 
construction  of  the  machinery  of  1,000  horse- 
power  for  H.M.  iron-eased  frig-ate  Lord  Clyde, 


CHAPTER  VI. 

HORIZONTAL  SCREW-ENGINES  WITH  TRUNKS. 

Messrs.  J.  it  G.  Rennie,  London,  exhibited  a 
nsirof  direct-action  single-trunk  screw-engines,  col- 
lectively of  200  nominal  horse-power,  for  H.M.S. 
Jieindeer  (figs.  324,  page  348).  The  cylinders  are 
444  inches  in  diameter,  which,  allowing  for  the 
displacement  of  space  by  the  trunk,  is  equivalent 
to  a  clear  diameter  of  41  £  inches  :  the  stroke 
is  2  feet  long.  These  belong  to  a  type  of  engine 
peculiar  to  the  practice  of  Messrs.  Rennie,  who 
have  fitted  many  vessels,  naval  and  mercantile, 
with  engines  of  this  construction,  of  from 
60  to  400  horse -power,  but  they  have  l>een 
designed  principally  for  low  powers  not  exceed- 
ing 200  horse-power.  The  cylinders  are  not 
placed  side  by  side,  but  at  diagonally  opposite 
corners,  one  on  each  side  of  the  crunk-shaft, 
with  their  respective  air-pumps  and  condensers 
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them  onntded  to  the  crank -shaft  by  connecting- 
rods  having  five  times  the  length  of  the  crank, 
joined  to  the  bottom  of  the  trunks.  The  two 
sides  of  these  four-trunk  engines  of  course  ac- 
curately balance  each  other  ujkmi  the  crank -shaft. 
The  advantage  gained  in  these  engines  consists 
in  the  short  unci  direct  coimection  of  the  cylinders 
with  their  respective  condensers,  and  the  l>ettcr 
vacuum  in  the  cylinders  —  Wing  more  nearly 
equal  to  that  in  the  condensers.  The  bearing 
of  the  connecting-rod  tit  the  l>ottom  of  the  steam- 


trunks  is  G  inches  in  diameter,  as  large  as  it  can 
Ihj  got  in  ;  and  it  can  be  tightened  from  the  en- 
trance of  the  trunk,  whilst  in  motion,  by  means  of 
a  steel  bar  within  the  connecting-rod,  abutting  at 
one  end  upon  the  brass  l>earing,  and  at  the  outer 
end  against  a  key  and  cotter  set  up  by  a  screw. 
The  air-pump  trunks,  or  plungers,  are  single- 
acting,  and  are  worked  by  a  connecting-rod  from 
each  crank  :  they  are  cast  of  solid  bra&s,  and  are 
fitted  with  hinged  india-rubber  valves.  The 
feed  and  bilge  pumps  are  driven  by  lateral  fimt- 
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filings  from  the  air-pump  trunks.  The  slide- 
valves  are  double-ported,  and  equilibrated  at  the 
hack.  It  is  understood  that  Messrs.  Ronnie 
were  the  first  who  applied  the  balanced  valve  in 
marine  engines.  The  valves  are  on  the  tops  of 
the  cylinders,  and  are  worked  by  the  link-motion 
by  means  of  single  shafts.  A  circular  gridiron 
valve  is  applied  close  to  each  valve-chest. 

Messrs.  Rennic  also  constructed  for  exhibition, 
though  they  were  not  completed  in  time,  a  pair 
of  horizontal  engines,  on  the  system  of  end-to- 
end  cylinders,  invented  and  exhibited  in  model 
by  Mr.  E  E  Allen,  and  noticed  in  another  part 
of  this  chapter  (fig.  326,  page  350). 

Messrs.  Robert  Napier  &  Sons,  Glasgow, 
exhibited  drawings  of  a  pair  of  direct-action 
Itorizontal  screw -engines,  for  H.  M.S.  Hector, 
collectively  of  800  nominal  horse-power,  repre- 
senting the  typo  of  engine  followed  by  the  ex- 
hibitors for  the  last  ten  or  twelve  years,  of  which 
they  have  constructed  fifty  pairs,  aggregating 
upwards  of  15,000  nominal  horse-power  (Plate 
XXXI  V.)  Of  these,  thirty-three  pairs  have  l»een 
made  for  vessels  of  war  in  the  navies  of  England, 
Bast  India,  France,  and  Turkey,  and  the  remain- 
der have  been  made  for  merchant  service.  The 
cylinders  of  the  engines  of  theZ/ecforare  82  inches 

Fio 


in  diameter,  with  4  feet  of  stroke,  making  50  to 
55  revolutions  j>er  minute.  The  propeller — 
Griffith's — is  20  feet  in  diameter,  with  a  variable 
pitch  of  from  22$  to  27  J  feet.  The  indicator- 
power  amounted  to  3,207  horse-power  on  the 
first  trial  trip.  The  chief  peculiarity  of  these 
engines  consists  in  the  use  of  trunk  air-pumps, 
opposite  to  the  cylinders,  as  guides  for  the  piston- 
rod  crossheads,  from  which  return  connecting- 
rods  of  sufficient  length  are  taken  to  the  crank- 
shaft. The  trunk-pumps,  serving  the  double 
purpose  of  air-pumps  and  guides,  work  in  the 
condensers;  but,  as  the  punqw  arc  made  large 
enough  to  clear  the  vibrations  of  the  connecting- 
rod — being  43  inches  in  these  engines, — tho 
inner  portion  of  the  trunks  is  reduced  in  diameter 
to  tho  required  size — in  this  case  18  J  inches, — 
and  is  earned  through  a  stuffing-box  in  the  back  of 
the  condenser.  The  punqw  are  single-acting,  with 
the  usual  foot  and  delivery  valves  ;  the  discharge- 
pipe  is  25  inches  in  diameter.  Tho  slide-valves 
are  worked  direct  by  the  link-motion,  and  tho 
starting  and  reversing  of  the  engines  is  facili- 
tated by  the  aid  of  two  13-inch  steam-cylinders 
bolted  to  the  back  of  the  condenser,  and  con- 
nected by  a  shaft  with  levers  to  the  link-motions. 
Both  of  the  expansion- valves  are  worked  in  a 
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Hi  kt.it  &  Cow**'*  Tbotk-Kitoipw,  for  Screw.propuUioif, 
by  Mr.  T.  W.  Cowao,  Greenwich  (p»g*  360), 

Dimple  manner  by  one  single  excentric,  and  a 
-ingle  lever  on  the  end  of  a  shaft  on  which  tho 
valves  are  fixed.  There  are  means  also  of  dis- 
engaging the  valves  so  as  to  leave  them  both  wide 
"]>en.  The  feed  and  bilge-pumps  are  6  J  inches 
in  diameter.    The  area  of  heating -surface  is 


16,204  square  feet,  or  20 j  feet  per  nominal 
horse-power  :  of  this  surface,  13,400  square  feet 
are  tulie-surface.  The  area  of  fire-grate  is  502 
square  feet,  or  -702  feet  per  nominal  horse-power. 
The  chimney  is  9  feet  in  diameter. 

Mr.  David   Kirkcaldy,  Glasgow,  exhibited 
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cylinder  is  added  to  the  lwck  end  of  the  main 
cylinder  (fig.  326).  The  steam  from  the  boiler  is 
admitted  into  the  smaller  cylinder,  from  which 
it  jiasscs  into  and  is  fully  expanded  in  the 
larger  cylinder.  The  motion  is  taken  off  by  a 
double  piston-rod  and  return  connecting-rod. 
The  engines  of  the  Poonali,  constructed  by 
Mown.  ihimphrys  «fc  Tcnnant,  are  similarly 
designed  for  exjMinsivc  working,  with  a  blind 
trunk  in  the  larger  cylinder  from  wluch  the 


highly  elalxirated  and  finished  drawings  in  sec- 
tion of  the  Persia,  with  the  whole  of  her 
internal  fittings.  This  vessel  is  said  to  have 
been  the  first  that  crossed  the  Atlantic  Ocean 
in  nine  days.  The  drawings  were  made  by  Mr. 
Kirkcaldy  himself,  who  is  distinguished  for  the 
extensive,  trustworthy,  and  valuable  experiments 
on  the  strength  of  iron  and  steel  conducted  by 
him  for  Messrs.  Robert  Napier  «fc  Sons. 

Mr.  T.  W.  Cowan,  Greenwich,  exhibited  Burgh 
A  Cowaria  anti -friction  trunk- 
engine,  for  driving  screw-pro]>cl- 
lers  (fig.  325).  A  trunk  is  formed 
upon  the  cylinder- cover,  pro- 
jecting inwards,  to  give  space 
for  the  reciprocation  of  the  con- 
nocting-rod,  the  smaller  beating 
of  which  is  carried  by  a  double 
piston-rod  frame,  projected  into 
and  guided  by,  and  reciprocating 
within,  the  trunk.  The  piston 
is  similarly  made  with  a  trunk 
to  work  over  and  clear  tin?  li\<tl 
trunk,  and  the  back  cylinder- 
cover  encloses  the  whole  with 

,ll,nll„,,.  *:.,,.]   tninlr       Rv  tliiw  MuuKl  ur  Dm  UUi  K>t> TO-fcMi  CvLlNDm  T«l Fl-Entasr.  wilb  the  Ffetona 

anntner  nxea  trilllK.      m   thus  coMMded  by  the  Trunk ;  by  Mr.  Edward  B.  Alien. 

truncating  the  cylinder,  a  long  con- 
necting-rod Ls  obtained,  somewhat  in  the  manner     connecting-rod  works.    2.  A  model  of  a  double 


of  Mr.  Maudslay's  old  annular  engines,  without 
incurring  the  frictional  and  cooling  surface  of 
the  ordinary  trunk,  or  reducing  the  working  area 
of  the  piston.  The  engine  was  employed  to  drive 
one  of  the  French  pumps  for  supplying  the 
fountains  in  the  Horticultural  Gardens. 

Mr.  Edward  E  Allen,  London,  exhibited 


Ekd-to-isd-Ctlindhb  KffGTNKa,  with  Double  PiMnn-r™1«,  by  Mr.  Edward  E.  Allen. 
(Constructed  by  Mean.  J.  A  O.  Kennic.) 


models  of  two  forms  of  double-expa naive  marine 
engine*.  1.  An  end-to-end  double-cylinder  engine, 
tcttli  double  jrislon-rode,   in  which   a  smaller 


iud-tu  end  cyliiub-r  trunk-engine,  in  which  the 
pistons  are  connected  by  the  trunk  (tig.  327). 
3.  A  double  single-trunk  engine,  combining  two 
single-trunk  cylinders  (fig.  328).  The  steam  from 
the  boiler  is  admitted  into  the  annular  space  in 
the  cylinder  surrounding  the  trunk,  where  it  is 
cut  ofl'  and  expanded  into  the  outer  and  more 

spacious  end  of  the 
cylinder.  The  trunk 
works  through  a  steam- 
tight  packing  in  the 
i ni< Idle  of  the  cylinder 
(tig.  328  ;  set",  also, 
Portable  Engixes, 
jKtge  331,  ante).  A 
fixed  piston  may  be 
placed  in  the  trunk, 
which  then  becomes  a 
moving  cylinder  within 
which  the  steam  may 
be  expanded.  Advan- 
tages are  claimed  on 
account  of  the  extreme 
shortness  of  the  high- 
pressure  steam-ports  ; 
and  also  of  the  reduced 
diameter,  compared 
with  that  of  the  larger 
cylinder  of  the  end-to- 
end  cylinder  plan,  de- 
signed for  expansive 
working. 

Messrs.  Knowelden 
«fc  Co.,  I>oudon,  exhibited  Knoweblen  <(.•  Edtcards't 
three-cylinder  trunk-engine,  in  which  the  three 
cylinders  are  placed  at  intervals  of  120°  round  the 
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cnuik- shaft,  with  'short  connecting  -  rods,  and 
spherical  joints  at  the  bottoms  of  the  trunks. 
The  trunks  are,  in  bet,  half-trunks,  and  huge, 
and  it  is  proposed  to  work  the  steam  expansively 


by  exhausting  it  from  the  trunk  side  of  the 
piston  into  the  opposite  side  of  either  the  same 
or  the  next  piston. 


Fio.  328. 


Pol  in. B  Staau-Tai'XK  Esoisra,  bj-  Mr.  Ed  w*rJ  K.  Allen, 


CHAPTER  VII. 

OTHER  HORIZONTAL  8CKEW- ENGINES. 

Messrs.  Caird  &  Co.,  Greenock,  exhibited  in 
Class  XII.  a  model  of  a  pair  of  direct-action 
screw-engines,  with  double  piston-rod  and  return 
connecting-rod.  The  slide-valves  are  worked 
direct  by  the  link-motion  ;  expansion-valves,  in 
addition,  work  in  the  same  valve-chest,  and  are 
moved  by  segmental  arcs,  which  are  raised  or 
lowered  for  the  purpose  of  varying  the  cut-off. 
The  condensers  are  formed  with  tunnels  to  re- 
ceive the  guides  of  the  piston-rods,  which  are 
fixed  within  them. 

Messrs.  Laird  Brothers,  Birkenhead,  exhi- 
bited a  pair  of  horizontal  direct-acting  engines, 
collectively  of  80  nominal  horse-power,  dupli- 
cates of  two  pairs  constructed  for  driving  the 
Bcrew-propcllers  of  H.M.S.  Jaseur  and  Newjmrt, 
of  5  guns.  The  cylinders  are  on  one  side, 
and  tho  condenser  and  pumps  on  the  other 
side  of  the  crank-shaft ;  the  cylinders  are  30 
inches  in  diameter,  with  18  inches  of  stroke, 
milking  from  90  to  100  revolutions  per  minute, 
with  22  lb.  steam.  The  slide-valves  are  vertical, 
on  the  outer  sides  of  the  cylinders,  and  worked 
direct  by  the  link-motion,  which  is  used  for  start- 
ing and  reversing  only.  There  is  a  cylindrical 
expansion-valve  on  each  valve-chest,  worked  by 
tteparatc  gearing  from  the  end  of  the  crank-shaft. 
Balance-weights  are  strapped  to  the  cranks. 
The  crossheads  work  on  slipper-guides.  Of  the 
three  longitudinal  pieces  of  the  frame  carrying 
the  crank  shaft,  the  centre-piece  alone  unites  the 
opposite  sides  of  the  engines ;  the  two  outer 


pieces  are  stopped  short  under  the  shaft,  and 
are  solely  intended  to  unite  the  shaft  plu  miner- 
blocks  to  the  cylinders :  hence  the  engine  has 
no  rigidity  within  itself,  and  must  depend  upon 
the  foundation  to  which  it  is  bolted.  The 
air-pumps  are  worked  direct  from  the  pistons. 
The  two  sections  of  the  engine  arc  not  lialanced 
upon  the  crank-shaft,  the  cylinders  being  set 
back  sufficiently  to  get  in  a  connecting-rod  3  feet 
long,  or  four  times  the  crank,  and  the  condensers 
are  brought  near  to  the  shaft. 

Mr.  John  Key,  Kirkcaldy,  exhibited  a  pair  of 
horizontal  direct-acting  engines,  collectively  of  80 
nominal  horse-power,  fordrivingascrew-pro]>eller 
(figs.  329).  The  engine  is  arranged  in  the  usual 
manner — the  cylinders  opposite  the  condenser 
and  air-pumps,  and  the  crank-shaft  between.  To 
save  space,  the  stuffing-box  is  projected  into  the 
cylinder,  the  piston  being  suitably  formed  ;  but 
there  is  no  attempt  at  balancing  the  masses,  the 
connecting-rods  being  of  good  length,  and  the 
cylinders  considerably  further  from  the  shaft  than 
the  condensers.  The  slide-valves  are  on  edge, 
and  worked  by  a  link-motion,  reversed  by  means 
of  a  worm-wheel  on  the  reversing  shaft,  turned 
by  a  screw  of  quick  pitch  on  the  end  of  the  hand- 
wheel  rod.  The  air-pumps  and  feed-pumps  are 
worked  direct  from  the  crossheads ;  and  these 
work  in  slipijor-guides.  The  pump- valves  are  not 
readily  accessible.  The  crank-shaft  is  carried 
by  three  cast-iron  triangular  A-frames  bolted  to 
the  cylinders,  and  the  whole  engines  are  bolted 
down  to  strong  cast-iron  foundation -plates.  Tho 
clutch-pins  for  coupling  the  crank-shaft  to  the 
propeller-shaft  are  fixed  on  the  fast  disc  on  the 
crank-shaft. 

Messrs.  A.  «fc  J.  Inglis,  Glasgow,  exhibited 
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drawings  of  a  ]>air  of  direct-action  acrew-engincs, 
collectively  of  200  nominal  horse-power,  for 
H.M.S.  Chanticleer.  They  are  constructed  after 
the  horizontal  system  of  Messrs.  Humphrys  it 
Tetinant,  with  a  short  connecting-rod,  which 
was  adopted  as  the  typo  ;  but  there  is  no 
piiKsage-way  across  behind  the  crank-shaft.  The 


feed  and  bilge-punips  have  between  them  one 
brass  plunger  or  ram  in  a  barrel,  fitting  metal 
to  metal,  without  packing  ;  it  cannot  be  packed, 
which  is  objectionable.  A  screw  shut-off  flat 
valve  is  applied  next  the  tude  of  the  ship  for 
the  discharge  of  the  bilge-water,  but  it  u  noi 
self-acting. 


Figs 


CHAPTER  VIII. 

INVERTED-CYLINDER  SCREW-ENGINES. 

Messrs.  Thomas  Richardson  k  Sons,  Hartle- 
pool, exhibited  a  model  of  a  pair  of  inverted- 


cylinder  ncrcto-cngintx,  collectively  of  1 60  horse- 
power, for  merchant  vessels,  fitted  on  board  the 
transport  La  Charente,  of  the  Imperial  French 
Navy,  and  tho  Tynemouth,  the  property  of 
Mr.  W.  S.  Lindsay,  M.P.     The  cylinders  an 
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inches  in  diameter,  with  a  stroke  of  2  feet 
nehes,  making  70  revolutions  jx-r  minute, 
I  indicating  638  horse-power.    The  cylinders 
.steam-jacketed,  and  have  double  piston-rods  ; 
connecting-rods  also  are  double,  formed  of 
>  parallel  rods,  which  are  simply  screwed 
through  the  brasses,  but  should  have  been 
tered  to  them.     The  slide-valves  are  double 
each  cylinder -fuce,  with  veiy  short  steam- 
t&    They  are  enclosed,  for  the  two  cylin- 
8,   in  one  box  between   the  cylinders  — 
ivenient  to  make,  but  not  to  examine  or 
air.    The  valves  arc  worked  expansively  by 
i  link-motion,  reversed  by  a  screw-and-nut 
tion.     The  expansion  -  link  is  double,  or  is 
iperly  a  pair  of  links,  between  which  the 
Is  of  the  excentric-rods  are  pinned.  The 
e-crank  of  the  Bhuft  is  overhung  on  an  inside 
iring,  which  Ls  liable,  thus  only  half-supported, 
heat.     The  tearings  arc  entirely  of  white 
tal,  without  any  gun-metal  frame  to  support 
an.   There  is  an  insecurity  in  this  disposition, 
should   the  liearings  get  overheated,  the 
tal  wovdd  vanish  altogether.    The  air-pumps 
i  placed  at  the  side  in  an  upright  position — 
dch  Ls  good, — and  worked  by  means  of  levers 
m   the   crossheads  of  the  steam-cylinders, 
ere  is  a  feed-heating  apj»aratus  between  the 
indent  and  the  condenser,  where  the  feed- 
.ter  Ls  heated  on  its  way  from  the  pumps  to 
3  toilers.    The  boilers  are  multitubular,  with 
perheating  apparatus.     The  fuel  consumed, 
is  stated,  never  exceeds  112  lb.  for  every  1 0 
minal  horse-power,  or  40  indicator  horse- 
wer,  ]>er  hour;  or  2  8  lb.  of  coal  per  indicator 
rse-powcr  per  hour. 

Messrs.  Robert  MorrLson  <fe  Co.,  Newcastle- 
rTyne,  exhibited  a  pair  of  inverted-cylinder 
'ew-eitgiitc/t,  of  30  nominal  horse-power,  oc- 
pyiug  a  space  of  only  5k  by  4  feet,  with 
rface-condensers.    The  cylinders  are  18  inches 

diameter,  and  have  18  inches  stroke  ;  and 
ey,  with  the  central  valve-chest,  which  is 
twecn  them,  are  completely  surrounded  by  a 
aim-jacket.  The  valve-chest  holds  the  main 
de-valves,  with  two  variable  expansion-valves, 
i  Meyer's  system,  on  their  backs.    Each  valve 

worked  by  a  single  excentric — four  loose  ex- 
ntrics  for  four  valves  ;  the  two  main  excentrics 
e  loose  on  the  shaft,  and  connected  together, 
id  retained  in  their  proj>er  positions  for  going 
tead  or  astern,  by  stops  l>olted  to  the  shaft, 
he  two  expansion-exeentrics  are  also  joined 
gether,  and  an;  loose  on  the  connecting-sleeve 

the  main  excentrics,  and  provided  with  proper 
ops.  The  expansion  is  regulated  by  a  hand- 
heel  on  the  top  of  the  engines.  A  small 
ixiliary  valve  with  steam-ways  Ls  applied  for 
e  puqx>se  of  starting  and  reversing  each  engine, 
n  air- pump  on  one  side,  and  a  cold-water  pump 
i  the  other,  both  single-acting,  are  fixed  Ix-side 
e  valve-gear,  and  worked  by  rods  direct  from 
e  pistons.  The  propriety  of  working  the 
imps  by  single  action  is  questionable  for  high- 


speed working,  The  cylinders  are  supjxirted  by 
three  hollow  castings — a  broad  casting  at  the 
back,  and  two  standards  at  the  front,  one  to 
each  cylinder,  l>olted  to  the  base-plate.  The 
l>ack  casting  is  partly  fitted  as  a  surface-con- 
denser, with  tubes,  which  arc  accessible  by  a 
doorway  behind.  The  remainder  of  the  back 
casting  communicates  with  the  base-plate  and 
the  front  standards,  which  together  form  a  hot- 
well  to  hold  the  distilled  water  delivered  from 
the  air-pump.  The  engines  are  designed  to 
work  with  steam  of  CO  lb.  pressure  per  inch,  and 
to  expand  the  steam  from  six  to  eight  times. 

The  accom  jianying  illustrations  (Plates  XXXV. 
and  XXXVI.)  represent  the  inverted-cylinder 
engines,  similar  to  those  exhibited  by  Messrs. 
Morrison  »fc  Co.,  of  the  screw-steamer  Auckland, 
belonging  to  the  Intercolonial  Royal  Mail  Stcam- 
jHicket  Company.  The  cylinders  are  45  inches 
in  diameter,  with  a  stroko  of  2  feet  G  inches. 
They  have  indicated  G19  horse-power  with  steam 

Fio.  330. 


Indicator  ■  Diagram*,  taken  from  one  of  the  enginea  of  the 
Auckland,  manufactured  by  Meaara.  Robert  Morriaon  A  Co., 


of  30  lb.  ikt  square  inch,  cutting  off  at  one- 
third,  and  making  G3  revolutions  i>er  minute 
(rig.  330). 

Messrs.  Tod  &  McGregor,  Glasgow,  exhibited 
a  jwiir  of  direct-acting  invertetl  cylinder  screv>- 
enyines,  of  GO  nominal  horse-power,  with  sur- 
face condensers,  the  same  as  the  engines  of 
the  merchant  sliip  Naughty,  trading  between 
the  porta  of  Havre  and  Santandar.  The  cylin- 
ders are  30  inches  in  diameter,  with  a  22-inch 
stroke,  tolted  together,  with  a  single  valve-chest 
totween  them.  There  are  two  main  valves 
and  two  expansion-valves  within  the  valve-chest, 
worked  by  six  excentrics  on  the  crank-shaft — 
two  pairs  for  working  the  main  valves  with  tho 
link-motion,  fitted  with  bar-links,  to  start  and 
reverse,  and  the  remaining  two  to  work  the 
expansion-valves.  The  chief  feature  of  these 
engines  consists  in  the  disposition  of  the  con- 
denser (Sewcll's  condenser),  which  forms  a  part 
of  the  hack  frame.  It  contains  734  tubes, 
placed  horizontally,  J  inch  outside  diameter,  and 
6  feet  long.  The  condensing  water  passes 
through  the  tubes,  in  a  contrary  direction  to 
the  steam,  making  a  condensing  surface  amount- 
ing to  14  square  feet  per  nominal  horse-power — 
about  five-eighths  of  the  heating-surface  of  the 
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boilers.  The  tubes  are  packed  at  each  end 
with  a  large  perforated  sheet  of  india-rubljer 
about  £  inch  thick,  through  which  they  project, 
and  are  secured  by  a  perforated  brass  plate, 
which  is  removable,  and  gives  free  access  for 
cleaning  the  tubes  inside  and  outside.  The 
india-rubber  does  not  rub  on  the  tubes  as  they 
expand  and  contract,  hut  yields  with  them — 
hence  its  durability  ;  and  it  is  kept  tight  by  the 
pressure  of  the  condensing  water.  The  tubes  in 
this  class  of  condenser  are  placed  at  from  to 
|  inch  apart  The  air-pump  and  cold-water- 
pump  are  each  11  inches  in  diameter,  with  11 
inches  of  stroke,  and  double-acting.  They  are 
placed  horizontally,  one  on  each  side  of  the 
crank-abaft,  and  are  worked  by  excentrics  with 
very  compact  parallel  motions.  One  of  the  ex- 
centrics works  the  feed  and  bilge-pump  in  addi- 
tion. The  nibbing  surfaces  appear  to  be  scarcely 
sufficient  for  working  without  undue  wear  ;  for 
there  must  l>e  considerable  friction,  involving 
considerable  lubrication.  With  steam  of  from 
19  to  22  lb.  pressure  per  inch,  cutting  off  at 
half-stroke,  making  81  revolutions  pr  minute, 
a  vacuum  of  from  27  to  28$  inches  was  main- 
taincd,  the  temperature  of  the  sea  l>eing  (50° 
Fahrenheit  ;  tliat  of  the  discharge-water,  from 
90°  to  100°  ;  and  that  of  the  feed-water,  from 
2°  to  9°  higher.  The  density  of  the  water  in 
the  boiler  was  fi  oz.  pr  gallon.  The  crosshead 
is  forged  solid  upu  the  piston-rod,  and  thus 
saves  a  little  in  the  depth.  Balance  weights 
are  applied  to  the  crauks,  to  which  they  are 
dovetailed. 


CHAPTER  IX. 

OBLIQUE  ENGINES. 

Messrs.  Randolph,  Elder,  «fc  Co.,  Glasgow, 
exhibited  drawings  of  apair of  direct-acting oldiqus 
engines  for  H.M.  frigate  Constance,  collectively 
of  500  nominal  horse-power,  worked  expansively 
by  superheated  steam  of  high  pressure.  The 
engines  are  inclined  towards  the  crank-shaft  at 
an  angle  of  1 20°  with  each  other.  Each  engine  is 
composed  of  three  cylinders,  into  the  middle  one  of 
which  the  steam  from  the  boiler  is  admitted,  from 
which  it  is  expanded  into  the  two  outer  cylinders. 
The  cranks  of  each  engine  are  directly  opposed 
to  each  other,  so  that  the  steam  is  exhausted 
from  the  middle  cylinder  into  the  neighl muring 
ends  of  the  others  through  the  shortest  juutsages 
that  can  be  made.  The  air-pump  are  cast  in 
a  piece  with  the  condensers  under  the  cylinders. 
The  cylinders  are  completely  steam -jacketed, 
and  are  worked  with  steam  of  35  lb.  pressure  per 
square  inch,  and  intended  to  make  from  40  to 
45  revolutions  per  minute.  The  high-pressure 
or  middle  cylinders  are  <i0  inches  in  diameter, 
with  3  feet  3  inches  stroke ;  the  st<>am  is  cut 
off  at  half  stroke  by  a  gridiron  slide-valve,  and 


is  expanded  into  the"  two  outer  and  larger  e 
ders,  78  inches  in  diameter,  and  thence  ex)a» 
by  means  of  double-ported  slide-valves  a 
casings  between  tho  middle  and  outer  em 
Each  set  of  three  cylinders  are  bolted  top 
and  also  to  the  condenser,  which  b  a  I 
casting   forming   the    bed-frame   of  tk 
gine  ;  and,  on  account  of  their  opposite  a 
ments  neutralising  each  other,  the  trarw 
strain  of  the  steam-pressure  in  the  cylinda 
tho  crank -shaft  is  very  much  reduced,  m< 
as  the  tendency  to  sluike  the  ship.  Tbt 
facts  condensers  are  on  Sewell's  system,  ibl 
noticed   in   the   engines   of  Messrs.  T<] 
McGregor,  but  they  may  also  l>e  works 
injection-condensers.  The  air-pumiw,  circuk 
pumps,  and  feed  and  bilge -pump  are  »<r 
by  rockmg-shafts  driven  from  the  end-t  i 
piston-rods  of  the  aft  low-pressure  cylia 
The  six  slide-valves  are  worked  by  tsr.i  \< 
excentrics  on  the  crank-shaft,  on  Mr.  Gi 
system,  so  arranged  that  when  in  motio 
emrine  can  l»e  made  to  reverse  itself  witla 
turn,  by  causing  the  excentric  gear  t<>  un- 
it.   The  engines  are  started  by  the  aid 
diagonal  auxiliary  engine,  having  two  IU 
cylinders  with  12  inches  of  stroke.  The  hs 
can  be  controlled  by  one  man  on  the  a 
ing  platform.     The  steam  is  supplied  k  i 
tubular  boilers,  having  an  aggregate  firegru>  j 
of  288  square  feet,  and  provided  with  rJ. 
superheaters.    The  average  consumption '  t 
in  similar  engines  varies  from  2  lb.  to  2 \  IV 
indicator  horse-power  pr  hour.    The  agsjnp 
weight  of  the  engines,  shafting,  and  propel 
280  tons,  and  of  the  boilers,  chimney,  and 
bunker,  160  tons.    The  details  of  these  a& 
have  been  worked  out  in  a  thoroughly  pr*' 
manner,  easily  accessible,  and  easily  in?!*' 
while  at  work. 


CHAPTER  X. 

FOREIGN    MARINE  ENGINES. 

The  "  Society  Nouvelle  des  Forges  et  Ck 
tiers  do  la  Mediterronee,"  Paris,  exhioiv 
pair  of  direct-action  screw-engines,  collective 
400  nominal  horsc-pwer,  on  a  typ  which  - 
have  practised  for  nine  years,  and  of 
thirty -one    engines  have    been  applied 
the  "ship  of  the   "  Messageries  Iinpcrul 
and  to  ships  of  the  French  navy  ami  <^ 
The  cylinders  are  4  feet  1 1  inches  in  dianiH 
with  3  feet  7  inches  of  stroke.    The  scn  »  > 
cast  iron,  with  four  blades  17  feet  in  di»ni* 
They  have  double  piston-rods  with  return 
necting-rods,  for  which  the  guides  are  pU^1 
a  tunnel  through  the  condensers,  as  in  M<" 
Gaird  <fe  Co.'s  engine.     The  guide -Uuv 
funned  with  hollow  curved  siirfaces,  one  W 
and  one  below  the  crosshead,  probably  so  t'-,r1;- 
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o  have  space  laterally.    The  slide-valves — the 
Id    D  slides — are  placed  on  the  tops  of  the 
ylindcrs,  and  are  worked  from  a  transverse 
haft  directly  over  the  crank  shaft,  and  driven  hy 
leans  of  a  pair  of  spur-wheels.  Expansion- 
alves  are  also  applied,  worked  from  two  excen- 
rics  on  this  shaft,  the  positions  of  which  are 
dj  us  table  in  advance  or  in  retreat,  by  means 
•f  wheelwork,  so  as  to  cut  off  the  steam  at  from 
50  to  60  per  cent,  of  the  stroke.    There  is  a 
quare  coupling  for  the  screw-shaft ;  the  thrust 
s  taken  next  the  screw,  but  the  thrust-bearing 
vould  be  better  protected  if  placed   at  the 
•oupling  in  the  usual  manner.     Though  the 
mgines  stand  high,  they  are  compact  on  the 
loor ;  they  manifest  also  great  attention  to  de- 
ails.    There  are  plenty  of  bolts  in  the  cylindcr- 
:over» ;  the  pumpvalves  are 
iccessible,  and  the  covers  of  the 
.'alves  are  put  on  with  metallic 
oints,  having  easing  screws  to  n 
•lack  them  off  when  the  nuts 
ire  removed.     The  workman- 
diip  is  second-rate,  but  there  is 
ao  parsimony  of  work,  and  the 
mgines,  taken  as  a  whole,  are 
complicated. 

M.  E.  Nillus,  Havre,  cxhi 
bited  a  pair  of  direct- acting 
screw  -  engines,    with  double 
piston-rod  and  return  connect- 
ing-rod, collectively  of  40  no- 
minal horse-power.    The  cylin- 
der* are  23f  inches  in  dia- 
meter, and   have   18  inches 
stroke,  making  1 00  revolutions 
per  minute.    The  arrangement 
is  like  that  of  Messrs.  Robert 
Napier  k  Sons,  having  a  trunk 
air-pump,  from  which  the  con- 
necting-rod is  worked,  but  de- 
prived of  the  extended  through 
l»earing  at  the  back  of  the  trunk.  The  reversing 
gear  is  worked  by  rack  and  pinion  on  friction- 
rollers,   and   is   needlessly   complicated  with 
double-sided  or  "spider"  links,  rocking-shafts, 
and  return  valve-rods.      There   is   no  ready 
means  of  access  to  the  feed-pump  valves.  The 
workmanship  is  good. 

M.  A.  W.  Frestadius,  Bergsund,  Stockholm, 
exhibited  a  horizontal  direct-action  screw-engine, 
with  a  compound  cylinder,  for  the  gunboats  of 
the  Swedish  navy,  of  60  nominal  horse-]x>wer. 
The  smaller  cylinder,  l.'U  inches  in  diameter,  is 
placed  within  the  larger,"  which  is  annular,  and 
30  inches  in  diameter,  with  24  inches  stroke, 
making  120  revolutions  per  minute.  One 
piston-rod  from  the  inner  piston,  and  two  from 
the  outer,  are  united  in  a  crosshoad,  beyond 
which  the  two  outer  rods  arc  prolonged  over  and 
across  the  shaft,  and  terminated  by  a  second 
crosshead,  from  which  an  inverted  connecting- 
rod  works  the  crank.   The  cylinders  are  fitted 


single  excentric,  which  is  movable  for 
across  the  shaft,  in  an  oblique  Blot,  by  means  of 
a  cylindrical  rack  and  pinion.  The  condenser  is 
cast  within,  ami  forms  part  of,  one  side  of  the 
base.  As  the  centre  lines  of  the  crank -shaft 
and  the  cylinders  are  in  different  horizontal 
planes,  the  one-sided  action  of  the  connecting- 
rod  will  act  unfavourably,  in  slinking  the  guide- 
blocks  at  the  dead  points. 

MM.  Escher,  Wyss,  <fc  Co.,  Zurich,  exhibited 
a  pair  of  compound -cylinder  jmddle-engines,  for 
lake  and  for  shallow -river  navigation,  of  30 
nominal  horse-]tower  (fig.  331).  They  are  de- 
signed to  work  with  fresh  water,  and  can  l>e 
worked,  if  required,  non -condensing.  The 
engines  are  direct-action  and  inclined,  so  as  to 
have  a  good  stroke  and  a  long  connecting-rod, 


331. 


CoMrorwD-CTLtHDM  Paddli  Coluctitb  Ekoixm  of  OOhorwvpower, 
N.vigition,  by  Me«.r..  Kicher,  Wy«,  4  Co.,  ~ 


without  raising  the  shaft  too  high.  The  power  of 
each  pair  of  cyliuders,  worked  on  Woolfs  system, 
is  delivered  to  one  end  of  a  rocking  lever,  from 
the  same  end  of  which  the  connecting-rod  is 
taken  to  the  shaft.  The  small  or  high-pressure 
cylinders  are  15  inches  in  diameter,  with  24g 
inches  stroke  ;  the  larger  cylinders  are  2 1  \  inches 
in  diameter,  with  39  inches  stroke.  The  cranks 
are  16  inches  long,  with  32  inches  of  throw. 
The  cylinders  are  completely  jacketed  with 
steam ;  they  are  worked  by  one  slide-valve, 
moved  and  reversed  by  the  link-motion,  by 
which  also  the  degree  of  expansion  may  be 
varied,  but  only  to  a  small  extent.  The  capacity 
of  the  larger  cylinder  is  three  times  that  of  the 
smaller;  and  when  the  steam  is  cut  off  at  73 
per  cent,  of  the  stroke,  it  is  expanded  4^  times. 
The  engines  can  be  worked  up  to  180  horse-power 
by  the  indicator,  with  75  lb.  steam  in  the  boiler, 
and  making  40  revolutions  per  minute,  with  a 
consumption  of  2  J  lb.  of  coal  per  horse-ixjwer 
with  a  double-ported  slide-valve  worked  by  a  I  per  hour,  propelling  a  vessel  165  feet  long,  16^ 
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feet  broad,  with  3$  feet  draught  of  water,  and 
110  tons  displacement,  at  a  sjieed  of  15  miles 
per  hour.  There  are  a  condenser  and  an 
air-pump  placed  upright,  worked  by  a  separate 
steam-cylinder,  making  f>0  strokes  per  minute 
when  the  engine  is  doing  40,  from  which  the 
exhaust  steam  is  discharged  into  the  chimney, 
to  increase  the  draught,  or  Ls  condensed  when 
not  required  for  draught.  A  motion  is  taken 
from  it  to  work  the  feed-pump ;  but  the  bilge- 
pump  is  worked  from  the  engine. 


CHAPTER  XL 

CONCLUDING  REMARKS  ON  THE  MARINE  ENGINES. 

The  worth  of  the  facilities  afforded  by  the  use 
of  superior  tools  in  the  manufacture  of  marine 
engines  was  strikingly  apparent  in  the  sterling 
solidity,  accuracy,  and  finish  of  workmanship  that 
was  exhibited,— in  many  instances,  absolutely 
as  fine  as  that  of  a  chronometer.  The  improve- 
ment of  taste  in  outline  was  likewise  apparent, 
encouraged  probably  by  the  geometrical  simpli- 
city of  form  suggested,  and  to  a  considerable 
extent  enforced.withthe  extensive  use  of  machine- 
tools.  Machinery,  dealing  with  direct  strains,  is 
beat  formed  by  straight  lines  and  circles ;  and  it 
has  happily  1  teen,  emancipated,  to  a  great  extent 
at  least,  from  the  pitiable  architectural  forms 
and  mouldings  repugnant  to  the  nature  of 
cast  iron.  The  engine-work  of  Messrs.  John 
Penn  &  Son  was  unsurpassable  in  delicate  pro- 
portions and  refinement  of  workmanship.  In 
the  engines  of  Messrs.  Maudslay,  Sons,  <fc  Field, 
the  utmost  degree  of  solidity  and  security  of 
workmanship  and  strength  was  to  lie  remarked. 
Those  of  Messrs.  Humphrys  «fe  Tennant 
were  characterized  by  simplicity  in  outline  and 
construction,  and  the  total  absence  of  ornament 
or  of  superfluity  of  any  kind,  with  a  close  and 
economical  application  of  means  for  the  purposes 
to  be  effected.  These  engines,  moreover — of 
first-rate  workmanship, — bear  the  impress  of 

originality  and  independence  of  treatment,  with 
a  resolution  to  remove  the  difficulties  and  sur- 
mount the  obstacles  which  plentifully  await  the 
originators  of  new  styles.  The  exhibited  works 
of  thoso  three  firms  would  alone  have  sufficed 
to  secure  the  position  of  the  British  marine 
engineers  at  the  head  of  their  profession. 

Of  the  systems  adopted  for  compressing  the 
bulk  of  the  horizontal  marine  engine,  the  methods 
of  the  trunk  and  the  return  connecting-rod  are 
the  most  common.  The  trunk  is  applied  in 
various  ways,  but  the  double  or  through  trunk- 
system  of  Messrs.  Penn  gives  the  licst  and  most 
consistent  form  of  trunk-engine  ; — the  trunk, 
Wing  carried  at  l>oth  ends  through  the  cylinder 
covers,  is  amply  supported  for  resisting  the 
thrusts  of  the  connecting-rod,  or  for  guiding  the 
piston,  whilst  it  affords  a  great  length  of  connect- 


ing-rod, and  gives  the  greatest  facility  compatii 
with  the  use  of  a  trunk,  for  attaching  the  o 
nccting-rod,  and  inspecting  the  bearings,  la 
trunk,  moreover,  supersedes  the  ordinary  &• 
chanism  of  crossheads,  guides,  and  piston-n^ 
and  so  materially  simplifies  the  engine. 

The  four-tmnk  engine  exhibited  by  Mo  - 
Rennie,  whilst  it  possesses  the  ad  vantage  of  asA  r 
and  direct  passage  from  the  cyliuder  to  the  c  : 
denser,  which  are  placed  together — so  fiicilitat^ 
the  completion  of  a  vacuum  in  the  cylinder,— 
open  to  the  objection  that  applies  to  blind  or  k 
trunks,  that  the  bearings  of  the  four  conneetit . 
rods  from  the  cylinders  and  the  air-pumps  u 
placed  in   positions,  at  the    bottom    of  lb 
trunks,  where  they  are  not  conveniently  aco> 
sihle  for  inspection  and  handling.   The  stra: 
pistons,  also,  are  directly  subjected  to  tbe  thr^ 
of  the  connecting-rods,  which  is  transmittal ; 
the  working  surface  of  the  cylinders  ;  thus  t 
cylinders  arc  exposed  to  wear  on  the  lower  sn- 
and  the  trunks  to  irregular  wear  in  the  stuli  .. 
lioxes.    The  air-pump  trunks  are  0]»en  to  ;i 
same  objections,   though  it  apjiears   tliat  h 
making  the  neck -boxes  of  great  depth,  the 
may  not  be  objectionable.    Again,  whilst  t 
condensing  arrangements  arc   simplified,  tir 
steam-pipes,  as  well  as  the  standing  valve-gv.; 
are  a  little  more  complicated  ;  tho  parting 
the  plummer-blocks,  also,  is  required  to  be  m> 
horizontally,  though  a  vertical  parting  is  bet'- 
for  dealing  with  the  strain  of  the  engine,  ana 
the  one  generally  adopted.    The  general  elf- 
of  the  disj>osition  of  these  engiues,  is  to  uu- 
them  a  little  more  compact  crosswise — hav:;, 
but  the  united  width  of  a  cylinder  and  its  o 
denser  ;  but  a  little  greater  in  length,  as  sjmw^ 
to  lw  provided  for  a  double  length  of  cylind  - 
with  their  connecting-rods. 

On  the  contrary,  the  half-trunk  air-pumj>~ 
Messrs.  Napier's  engines,  which  have  ordikr 
cylinders,  receive,  through  a  couple  of  rods,  u 
motion  of  the  pistons  ;  and  being  substantia 
supported  in  liearings  through  the  back  of  the  c  l 
denser,  they  afford  a  steady  and  durable  fulcra 
for  the  return  connecting-rod. 

Messrs.  Burgh  <fc  Cowau's  trunk -engine,  t 
untried  plan,  obviates  the  ordinary  objectii :. 
to  trunks — of  extensive  frictioual  and  coolie, 
surfaces,  and  displacement  of  working  space  i 
the  cylinder ;  but  the  guides  are  inaccessible,  a: 
Iwing  projected  into  the  cylinders  without  in- 
ternal support,  they  cannot  be  sufficiently  sl- 
tained,  except,  possibly,  in  engines  of  very  snu 
dimensions. 

The  omission  of  the  liaek  guide  for  the  hah 
trunk  piun])s  of  M.  Nillus's  engines,  which  in 
otherwise  like  Messrs.  Napier's,  is  a  fatal  oiu> 
sion,  the  pumps  being  thus  unfitted  to  take  ti 
thrust  of  the  steam  connecting-rods. 

The  arrangement  of  large  and  small  cylinder 
placed  end  to  end,  for  marine  engines,  was  ti> 
suggested  by  Mr.  Edward  E  Allen,  and  patent- 
by  him  in  1855.    lie  preferred  the  horizo^- 
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arrangement,  as  constructed  by  Messrs.  Rennie, 
to  the  vertical  arrangement ;  and  his  method  of 
uniting  the  pistons  solidly  by  a  trunk,  through 
which  the  thrust  of  the  connecting-rod  is  taken 
np  by  both  pistons,  and  with  which  a  long  con- 
necting-rod may  be  obtained,  apj»eai"s  to  Ite  pre- 
ferable to  the  mode  of  connection  by  a  piston- 
rod  and  a  half  truck. 

The  method  of  the  return  connecting-rod,  in 
conjunction  with  the  double  piston-rod, avoids  the 
objectionable  features  of  the  trunk  system — the 
large  frictional  and  cooling  surfaces  of  the  trunk, 
and  the  concealment  of  the  connecting-rod  ends — ■ 
though  it  involves  the  use  of  considerably  more 
mechanism ;  but  by  suitable  dispositions,  every 
important  wearing  part  may  be  made  freely  acces- 
sible, and  brought  tinder  direct  observation.  Tho 
proximity  of  the  crank-shaft  to  the  cylinders, 
moreover,  admits  of  a  stiff,  comjtact,  and  solid 
connection  between  the  bearings  of  the  shaft  and 
the  cylinders,  which  is  preferable  to  the  open 
triangular  framework  of  other  engines ;  whilst  by 
the  spread  of  the  condensers,  direct  eduction- pij>es 
arc  ]M*rmissiblc  below  the  level  of  the  cylinders, 
•without  interfering  with  the  working  parts.  The 
double-piston-rod  system  lias  Iteen  worked  out  in 
tho  best  manner  bv  Messrs.  Maudslay,  Sons,  Jc 
Field. 

The  double -piston -rod  engines  of  Messrs. 
Caird  &  Co.  have  a  fine  appearance,  and  are 
evidently  the  work  of  able  and  exjterienced  con- 
structors— spacious,  massive,  and  easy ;  but  they 
occupy  a  large  horizontal  surface,  and  the  con- 
cealment of  tho  guides  within  the  condenser 
is  objectionable.  The  engines  of  the  Forges  et 
Chantiors  are  open  to  the  same  objection. 

M.  Frestadius's  comjtound  engine,  with  in- 
verted piston-rod,  was  the  greatest  novelty  in 
marine  engines,  though  it  Is  not  likely  to  lie 
imitated.  The  annular  ex]>ansion-cylindcr,  and 
the  difference  of  the  planes  of  tho  centre  bines  of 
the  crank-shaft  and  the  cylinders,  are  objection- 
able features. 

The  third  type  of  marine  engine,  specially 
designed  with  a  view  to  compactness  —  by 
simply  shortening  the  connecting-rod — is  most 
ably  represented  by  the  engines  of  Messrs. 
Humphrys  «fe  Tennant.  The  terms  "  short "  and 
"long,"  applied  to  a  connecting-rod,  are  com- 
parative ;  nevertheless,  there  is  a  right  and 
there  is  a  wrong  in  the  length  of  the  rod. 
By  general  concurrence,  in  steam-engine  prac- 
tice—  or  wherever  else  a  connecting-rod  is 
employed  for  tho  transmission  of  force — it  is 
not  by  preference  made  shorter  than  five  times 
the  length  of  the  crank.  In  tho  engine  of 
Messrs.  Humphrys  <fe  Tennant,  therefore,  having 
connecting-rods  only  three  and  a  half  times 
the  length  of  the  crank,  careful  provision,  as 
may  reasonably  be  expected,  is  made  for  the 
extra  strain  and  thrust  of  the  connecting-rod. 
In  the  first  place,  the  crank-shaft  is  large :  it 
is  12£  inches  in  diameter  for  ■iOO-horsc-power 
engines.     Messrs.  Penn's  is  134  inches,  for 


600-horse-power  engines.    Then  the  bearings  of 
the  shaft  are  25  inches  long,  or  twice  the  dia- 
meter, the  outer  bearing!  occupying  tho  whole 
s]»acc  from  the  crank  to  the  excentrics.  Accord- 
ingly, if  a  comparison  be  made  between  tho 
cajtacity  of  the  cylinders, — the  area  of  the  piston 
multiplied  by  the  stroke, — and  the  area  of  crank- 
shaft bearing  opposed  to  the  strain,  reckoned  as 
the  product  of  the  diameter  by  tho  gross  length 
of  bearing  surface,  it  will  appear  that  Mr.  Hum- 
phrys  provides  the  greatest  proportional  area  of 
bearing  in  the  ratio  of  2  05  to  2  02  by  Messrs. 
Penn,  and  to  l'OO  by  Messrs.  Maudslay  <k  Co. 
Again,  the  sliding  surface  of  the  slipper  on  the 
guide  is  SCO  square  inches,  or  1  square  inch  for 
al>out  9  inches  of  piston  area  in  Mr.  Humphrys' 
engine  ;  whilst  Messrs.  Maudslay  <fc  Co,  allow 
only  405  square  inches  for  a  piston  of  more  than 
double  the  surface,  or  1  square  inch  for  1G  inches 
of  piston  area.    These  are  striking  comparisons, 
and  assuming  that  the  respective  engineers  have 
matured  the  proportions  of  their  engines,  it 
would  api>ear  that   the   short  connecting-rod 
materially  increases  the  working  strain  of  tho 
machinery,  compared  with  the  longer  rod.  Tho 
plan  of  the  separate  wearing-piece  provided  by  Mr. 
Humphrys  under  the  slipjter,  for  ready  renewal, 
is  a  useful  provision  for  keeping  the  piston-rod 
in  line,  which,  being  short  and  rigid,  the  more 
readily  binds  in  the  stufling-box  when  it  diverges 
from  the  central  line.     With  regard  to  the 
power  absorbed  iu  opjtosing  the  extra  friction  of 
the  short  connecting-rod,  relatively  to  that  of  a 
longer  rod,  it  may  easily  Imj  shown  by  calcula- 
tion, in  terms  of  the  known  frictional  resistance 
of  rubbing  bodies,  to  be  but  a  small  fraction  of 
power,  so  long  as  the  working  surfaces  remain 
true  ;  but  contingent  deviations  from  the  true 
surfaces,  if  neglected,  would  involve  a  very 
different   calculation.     The  flexibility  of  the 
trunk-engine,  and,  to  a  great  extent,  the  elasti- 
city of  the  double-piston-rod  system,  obviate  the 
chances  of  tho  bad  effects  of  this  sort  of  wear.  The 
largest  engines  constructed  on  their  peculiar  type 
by  Messrs.  Humphrys  &  Tennant,  are  those  of 
500  collective  horse-power,  for  H.M.S.  Prince 
Albert,  and  the  GOO -horse -power  engines  for 
H.M.S.  Liver}H>o1. 

The  adoption  by  Messrs.  Humphrys  vfc 
Tennant  of  the  suiglc  condenser  with  the 
central  eduction-pi  jkj,  common  to  both  engines, 
whilst  it  simplifies  the  machine,  controverts  the 
principle  of  establishuig  two  independent  engines, 
which,  though  it  may  be  of  less  moment  for 
small  powers,  is  held  by  their  Lordshijw  of  tho 
Admiralty  to  lie  necessary  for  liigh  } towers  of 
engines,  and  is  followed  in  the  engines  of  other 
exhibitors. 

The  uiverted-cylinder  engines  are  favourite 
engiues  for  merchant  service,  as  they  are 
simple,  compact,  aud  accessible.  The  drib- 
ling  of  tallow  and  oil  from  the  stuffing-boxes 
and  other  jwirts  is,  however,  a  nuisance.  The 
upright  engines  of  Messrs.  Morrison  <fc  Co.  are 
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probably  the  most  simply  arranged ;  but  the 
system  of  loose  exceutrics  for  working  the  valves, 
as  well  as  the  single  action  of  the  water  and  air 
pumps,  which  are  vertical,  and  are  worked  by 
direct  action  for  the  sake  of  simplicity,  are  not 
to  be  commended  in  an  engine  that  works  at  a 
high  8j>eed  ;  though  there  is  this  advantage  in 
the  single  action  of  the  punqw,  downwards,  that 
it  aids  in  counterbalancing  the  piston  and  its 
connections  during  their  descent. 

Messrs.  Tod  »fc  McGregor,  on  the  contrary, 
verging  towards  the  opposite  extreme,  have,  for 
the  sake  of  double  action,  placed  their  pumps 
horizontally,  and  they  work  them  by  an  involved 
excentric-motiou  from  the  crank-shaft.  But  the 
surface  condenser  is  a  superior  feature  of  their 
engine,  with  its  compact  distribution  of  the 
tulnsj,  and  their  free  accessibility  for  examina- 
tion, cleaning,  and  repair. 

Messrs.  Humphrys  «fc  Tennant's  upright 
engines  for  the  Mooltan  are  chiefly  to  l>e  re- 
marked for  their  cotn}>ound  cylinders,  and  the 
notably  economical  results  of  their  appliances 
for  expansive  working,  in  fuel,  by  the  instru- 
mentality of  the  simple  slide-valve  and  link- 
motion,  without  any  additional  expansion-valve. 

The  magnificent  oscillating  engines  repre- 
sented in  model  by  Messrs.  Ravenhill,  Salkeld, 
&  Co.,  are  certainly  amongst  the  best  proi*>r- 
tioned  and  the  best  executed  engines  that  are 
to  be  seen.  They  are,  nevertheless,  open  to  the 
objection,  unhappily  incidental  to  all  oscillating 
engines,  working  the  air-pumps  from  an  inter- 
mediate crank  in  the  shaft.  Three  out  of  the 
four  large  Holyhead  steamers,  worked  by  the 
above,  and  two  similarly  constructed  oscillating 
engines,  have  broken  their  intermediate  cranks 
—one  of  them  twice  over.  The  breaking  strain 
does  not,  of  course,  arise  from  the  mere  working 
of  the  air-pumps,  but  from  the  strain  of  the 
)>addles,  which  overmatches  the  essentially  weak 
form  of  the  cranked  shaft. 

The  inclined  paddle-engines  of  Messrs.  Escher, 
Wyss,  6c  Co.  are  effectively  designed  for  their 
purpose,  and  in  execution  may  be  freely  com- 
pared with  English  engiues.  The  sej>aration  of 
the  air-pump  from  the  engine,  to  be  worked 
independently,  is  a  good  and  serviceable  plan, 
and  it  is  worthy  of  general  adoption  in  larger 
paddle-engines.  There  are  only  two  ways  of 
working  the  air-punqw  without  cranking  the 
intermediate  shaft — by  an  excentric  on  the 
shaft,  or  by  working  them  altogether  apart  by 
an  independent  engine.  x 

With  the  increasing  high  speeds  of  marine 
screw-engines,  there  follows  the  necessity  for 
balancing  the  reciprocating  and  revolving  parts, 
— a  necessity  long  since  experienced  in  the 
practice  of  locomotive  engines,  and  now  amply 
provided  for  in  the  balance-weights  which  find 
their  convenient  location  in  the  driving-wheels. 
The  marine  engine  does  not  oiler  the  same 
degree  of  facility  for  the  placing  of  lmlance- 
weighta,  and  there  is  nothing  in  it  to  correspond 


with  the  wheel  of  a  locomotive,  except  tkr 
wheels  of  paddle-engines.  Mr.  John  Bountr. 
in  his  patent  of  1853,  pointed  out  the  useful 
ness  of  balance-weights  in  high-speed  screw 
engines ;  and  Messrs.  John  Penn  <fc  Sons  first 
applied  them,  as  exemplified  in  the  eugin^ 
which  they  exhibited,  where  they  uppli»-i 
them  directly  behind  the  cranks — the  ho: 
position  for  the  purpose.  But  these  are  calcu- 
lated only  for  the  revolving  masses,  leavm: 
the  reciprocating  parts  unbalanced.  Messrs 
Maudslay,  Sons,  <fc  Field  apply  the  counter 
weight  within  the  large  worm-wheel  on  th- 
outer  end  of  the  crank-shaft,  which  is  a  potritioc 
sufficiently  effective  for  the  immediate  object  k 
view — the  obviating  of  any  vibratory  action 
upon  the  ship  herself.  The  same  constructor-, 
for  the  same  purpose,  designed  the  three-cylind^: 
engines  of  the  OcUivia,  which  perfectly  fulfil  tk 
objects  of  balanced  action  and  regular  motion 
Nevertheless,  it  is  desirable  that  the  method  cf 
balancing  engines  by  counterweighting  the  rv- 
ciprocating  masses,  in  addition  to  the  revolving 
masses,  should  be  thoroughly  worked  out  ■ 
ordinary  marine  engines,  as  it  has  already  bet* 
done  in  locomotive  engines  (see  page  2,  ante),  n 
which  it  was  first  applied  in  this  country  by  tk 
Author. 

The  days  of  economy  of  fuel,  and  of  coinpoun  J 
marine  engines,  have  begun  :  the  theory  an-J 
practice  of  steam-jackets  are  now  thoroughly 
undei-stood ;  and  it  is  established  that  econonn 
of  fuel  is  vainly  sought  in  expansive  working  d 
steam,  without  the  use  of  means  for  preventir.; 
the  condensation  of  the  steam  within  the  cylir. 
ders.  For  the  attainment  of  this  object,  tin 
complete  envelopment  of  the  cylinders  in  steam 
jackets,  supplied  direct  from  the  boilers,  has  Im- 
proved to  l>e  sufficient  Messrs.  John  Penn  £ 
Son  applied  steam-jackets  to  the  500-horsc-powf: 
screw-engines  of  II. M.S.  Windsor  Ccuttle,  in  lts>}\ 
which  appeals  to  have  been  the  earliest  applies 
tion  of  them  to  screw-engines.  Messrs.  Maud- 
lay,  Sons,  «fe  Field  applied  them  three  or  fuiL- 
years  ago  to  the  screw-engines  of  the  Gibraltar 
But  the  jacket  was  applied  to  tho  cylinders  > 
paddle-engines  upwards  of  twenty-five  yem 
ago.  The  use  of  suj>erheating  apparatus 
so  far  as  to  dry  the  steam  delivered  froia 
the  boilers  previously  to  its  passing  into  tbr 
cylinders,  is  also  a  practice  of  acknowledp I 
utility  in  promoting  economy  of  fuel.  But,  two 
questions  remain  to  be  decided, — Whether  tk 
best  results  are  to  be  had  from  two  or  fivu 
more  than  two  cy binders  ?  and,  Whether  ttu 
steam  should  be  surcliarged  with  heat  ?  Sur 
charged  steam  is  void  of  the  quality  of  lubrica- 
tion, and  it  carbonises  any  ordinary  lubrieti: 
delivered  into  the  cylinders,  to  the  detriment  1 1 
the  working  surfaces.  According  to  the 
exi>crienco  at  the  present  time,  the  combined 
use  of  the  steam-jacket  outside,  and  dried  but 
not  superheated  steam  inside,  the  cylinder-, 
affords  the  most  satisfactory  result 
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For  working  steam  expansively,  thore  are 
various  forms  of  expansion-gear,  which  may  be 
reduced  to  two  classes.    The  first  of  these,  and 
the  simplest,  is  the  link-motion,  working  a 
single  valve  with  two  excentrics — which  is  em- 
ployed in  all  the  operations  of  starting,  reversing, 
mid  expansive  working.  It  is  identified  with  the 
name  of  Stephenson,  and  has  become,  after  many 
attempts  to  supersede  it,  universally  adopted 
for  locomotive  engines,  with  a  few  trifling  ex- 
ecutions.   In  the  second  class,  a  distinct  cxpan- 
sion-valve,  worked  by  additional  gearing,  is 
employed,  in  uddition  to  the  ordinary  slide- 
valve  worked  as  before  by  the  link-motion,  for 
starting  and  reversing  only.    The  link-motion, 
notwithstanding  all  the  defects,  real  and  ima- 
ginary, with  which  it  has  been  charged,  very 
favourably  fulfils  the  purpose  of  the  exj>ansive 
working  of  steam,  without  the  aid  of  an  addi- 
tional valve.    The  use  of  the  additional  valve 
for  exjMinsive  working,  nevertheless,  obviates 
the  practical  objection  to  the  link,  that  it  pre- 
maturely closes  the  communication  of  the  cylin- 
der with  the  condenser  during  the  return  of  the 
piston  —  an  objection  frequently  exaggerated; 
and  also  that  other  objection  of  very  little  prac- 
tical importance — the  wiredrawing  of  the  steam 
■while  it  flows  into  the  cylinder.  The  main  benefit 
conferred  by  the  use  of  an  additional  valve  for 
expansive  working — the  link-motion  beiug  re- 
tained for  starting  and  reversing' — consists  in  the 
facility  it  gives  for  constantly  working  the  link 
solidly  aud  steadily  in  full  gear  with  the  valve- 
spindle— a  benefit  which  has  been  fully  accepted 


in  several  engines — those,  for  example,  of  Messrs. 
Maudslay,  Sons,  Jc  Field  For  the  engines 
of  the  Prince  Consort,  with  their  short  ex- 
centric-rods  pinned  to  the  back  of  the  short, 
open  link,  it  is  particularly  adapted  ;  because, 
with  that  combination,  the  angular  play  of  the 
link,  and  the  slip  of  the  block  in  it,  would  be 
very  considerable,  if  they  were  directly  employed 
for  variable  expansive- working — considerably 
more  so  than  with  the  long  link  and  excentric- 
rods  of  Messrs.  Feim  «fc  Sou,  or  those  of  Messrs. 
Humphrys  tfc  Tennant ;  in  the  latter  of  which, 
moreover,  the  rods  are  pinned  centrally  to  the 
ends  of  the  link,  by  which  the  plunging  of  the 
link  is  diminished.  These  engines,  accordingly, 
are  expansively  worked  entirely  by  the  link  ;  and 
it  is  understood  that  Messrs.  Fenn's  engines,  also, 
notwithstanding  the  presence  of  the  separate  ex- 
]Minsion-gcar,  arc  for  the  most  juvrt  worked  by 
the  link. 

The  principle  of  the  independent  air-pump, 
driven  apart  from  the  engines,  exhibited  by 
Messrs.  Escher,  Wyss,  &  Co.,  would  be  likely  to 
prove  of  service  if  adopted  iu  English  practice. 
High-speed  engines,  untrammelled  by  the  air- 
pump,  could  be  driven  at  the  best  speed  for  the 
work  to  In;  done,  whilst  the  pump,  free  from  the 
engine,  would  be  worked  at  iU  proper  speed 
by  its  own  steam-cylinder. 

The  application  of  s|>ecial  steam-gear  for  start- 
ing the  engines — as,  for  example,  the  starting- 
valves  applied  to  the  cylinders  by  Messrs.  John 
Fcnn  it  Son  —  is  a  commendable  adjunct  for 
large  inariue  engines. 


SECTION  III. 
PIECES  AND  FITTINGS  OF  STEAM-ENGINES  AND  HOILEItS. 


CHAPTER  L 

FORCINGS. 

The  separato  pieces  exhibited  afforded  ready 
facilities  for  minute  examination  ;  mid  they 
proved  in  themselves,  as  pieces  of  workmanship, 
the  decided  progress  that  has  been  made  in  the 
means  and  facilities  of  construction,  by  the  in- 
vention of  special  tools,  and  their  extensive 
and  multifarious  employment. 

The  articles  made  of  Bessemer  steel  generally 
surpassed  in  magnitude  those  which  had  been 
constructed  of  steel  manufactured  on  the  ordi- 
nary system.  The  method  of  manufacture  of 
Bessemer  steel,  by  injecting  streams  of  air  into 
a  molten  mass  of  pig-iron,  is  so  generally  known, 
that  it  is  scarcely  necessary  to  dcscrilte  it 
minutely.  The  tensile  strength  of  the  metal,  as 
proved  by  Colonel  Eardley  Wilmot,  R.A.,  at 
Woolwich  Arsenal,  varied  from  150,000  to 
160,900  lb.  per  square  inch. 


M.  F.  Kmpp,  Essen,  exhibited  a  most  re- 
markable collection  of  works  in  cast-steel,  which, 
like  all  the  other  forgings  of  this  maker,  are 
melted  in  crucibles,  and  poured  in  solid  ingots. 
The  following  subjects  are  particularized  : — 
1.  A  cylindrical  ingot,  in  the  simple  cast  state, 
44  inches  in  diameter,  and  8  feet  long,  weighing 
20  tons.  This  ingot  was  broken  across  at  the 
middle  in  the  cold  state,  after  having  been  cut 
in  at  each  side  by  a  saw,  under  the  largest  ham- 
mer in  the  works,  the  falling  weight  of  which  is 
50  tons.  The  fractures  thus  produced  serve  to 
show  that  the  manufacture  of  the  largest  pieces 
is  sound,  and  that  the  rough  ingots  are  free 
from  honeycombs  or  faults.  2.  A  square  ingot 
of  cast-steel,  of  4  tons  weight,  one  half  of  which 
was  in  the  normal  state,  and  the  other  half  was 
forged  ;  it  was  broken  longitudinally,  and  showed 
the  fineness  of  grain,  soundness  and  toughness 
of  the  metal  in  either  condition.  3.  A  foryed 
ingot  of  cast  steel,  15  tons  weight,  30  inches 
wide  by  17  inches  thick,  broken  into  four  pieces 
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to  show  the  influence  of  forging,  and  the  com-    which  supplied 


to  the  Western 


pactneas  and  homogeneity  of  the  metal  from  end 
to  end.  4.  A  piece  of  forged  cast  steel,  17 
inches  wide  by  9  inches  thick,  doubled  up  in 
the  middle  in  a  warm  state  under  the  hammer, 
without  any  indication  of  the  slightest  cracks. 
5.  A  number  of  cast-tied  railway  tires,  with- 
out a  weld,  as  supplied  to  upwards  of  twenty 
railway  companies.  They  are  manufactured 
from  oblong  pieces,  cut  from  ingots  of  steel, 
forged  into  shape.  A  hole  is  bored  at  each  end  ; 
the  two  holes  are  united  by  a  slot.  The  piece 
is  then  opened  out  into  a  ring  by  means  of 
wedges.  A  locomotive  driving-axle,  with  a  pair 
of  steel  tires,  was  exhibited  from  the  Great 
Eastern  Railway,  having  run  GG.180  miles 
without  having  been  re  turned,  the  weight  of 
the  engine  Udng  28  tons,  and  the  driving  load 
10  tons.  A  pair  of  cast-steel  engine- tires,  3  feet 
G  inches  in  diameter,  from  the  North  London 
Railway,  with  8£  tons  weight,  had  run  77,000 
miles  without  re-turning.  G.  Several  large  and 
}ieavy  cast-steel  crank -sluifls  were  exliibited  ; 
for  example,  a  heavy  cast-steel  forging  for  an 
intermediate  paddle-shaft,  forged  under  a  50-ton 
hammer,  15£  tons  weight,  forget!  from  an  ingot 
weighing  25  tons.  7.  A  cast-steel  screw-pro- 
peller, 9  feet  in  diameter.  8.  A  cast -steel 
pump-rod,  30  feet  long,  5  inches  diameter,  for 
mines.    Such  rods  are  forged  GO  feet  in  length. 


The  supply  of  air  for  consuming  the  smoke  •- 
introduced  at  the  front  of  the  furnace,  throug: 
the  door,  which  is  fitted  with  a  flap-valve,  hiu_ 
from  the  upper  edge  to  regulate  the  supply.  TV 
entering  air  impinges  upon,  and  is  deflected 
Upwards  by,  a  sloping  liaflleplate  fixed  on  tlx 
inside  of  the  door,  and  strikes  iijxm  a  hon 
zontal  plate  fixed  across  the  furnace  just  aboiv 
and  inside  the  doorway.  Three  small  steuui 
nozzles  arc  here  introduced,  above  this  plate, 
and  they  meet  with  and  absorb  the  current  d 
air  thrown  upwards  towards  them,  in  virtu«-  - : 
their  j>owerful  suctional  action.  The  mixal 
currents  of  steam  aud  air  are  projected  over  tb 
surface  of  the  fuel,  towards  the  bridge  or  thm»t 
of  the  furnace,  and  they  thoroughly  interum 
the  air  with  the  smoke  discharged  from  the  fad, 
and  consume  it  on  the  spot ;  whilst  the  addi- 
tional draught  over  the  bridge,  caused  by  tbt 
projected  currents,  in  combination  with  the  ht-at 
derived  from  the  combustion  of  the  smoke,  ir. 
creases  the  supply  of  steam,  as  compared  with  i 
non-consuming  furnace.  The  original  apptia 
tion  of  the  suctional  force  of  steam  in  jets  fur  tk 
purpose  of  consuming  smoke,  by  the  forcible  in 
auction  of  ordinary  atmospheric  air,  was  patent^ 
by  Mr.  Clark  in  1857,  as  already  describe] 
(see  page  4,  ante) ;  and  is  illustrated  by  tf» 
annexed  figure,  which  should  have  accompanied 


9.  Cast-steel  guns,  from  3£  to  9  inches  bore ;  |  the  former  description  (6g.  332).   A  jet  of  steaa 
outside  and  inside  finished  and  polished. 
The  largest  weighed  18,000  lb.,  and  was 
forged  from  an  ingot  of  50,000  lb. 

M.  Krupp  is  erecting  large  relling-mills 
for  making  cast-steel  plates  and  rails,  with 
a  steam-engine  of  2,000-horse  jiower.  He 
hopes  to  roll  plates  sufficiently  large  to  form 
locomotive  lwilers  from  a  single  sheet  of 
metal,  with  a  single  row  of  rivets,  with  rolls 
of  1 5  feet  in  length ;  also  armour-plates  1  foot 
thick.  In  1851,  he  exhibited  his  maximum 
forging  of  only  4,500  lb.  weight.  In  18G2, 
he  exhibited  ingots  of  ten  times  the  weight, 
and  finished  articles  of  twenty  times  the 
greatest  single  weight  supplied  in  1851. 

The  Mersey  Steel  and  Iron  Company,  Liverpool, 
exhibited  a  large  crank-shaft  and  other  forging*. 
The  crank-shaft  was  rough  from  the  hammer, 
and  weighed  from  24  to  25  tons  ;  it  was  made 
to  the  order  of  Messrs.  John  Penn  &■  Son,  for  a 
sister  ship  to  the  Warrior. 

MM.  Cail  k  Co.,  Paris,  exhibited  a  number 
offorgings  of  wheels  and  other  pieces — several 
of  them  somewhat  complicated — well  executed. 


SMOKK-coSfii'Kixo  ArpHATU,  by  Mr.  D.  K.  CUrk, 
of  »n  >ir-tube,  »nd  steam-pip*,  with  induction-jet  of  i 
to  the  firebox  of»l 


CHAPTER  II. 

FIREBARS  AND  SMOKE-CONSUMING  APPARATUS. 

Mr.  D.  K.  Clark,  Loudon,  exhibited  smoke- 
consuming  apjxiratus  at  work  upon  the  boilers 


is  directed  into  a  tubular  ojiening  in  free  com 
munication  with  the  external  air,  through  wind 
a  strong  current  of  air  is  excited,  in  virtu*, 
partly  of  the  adhesion,  and  partly  of  the  sik 
tional  action  of  the  steam,  and  Ls  delivered  ba- 
the furnace. 

The  feed-water  heater  exliibited  by  Mr.  (Mark 
has  also  already  been  described  (see  page  1". 
ante). 

Mr.  J.  L.  Clark,  London,  exhibited  smolt 
consuming  Jirebars,  of  which  the  alternate  liar* 
are  moved  diagonally  upwards  and  downward-, 
for  the  purpose  of  loosening  clinkers,  and  droj- 
ping  ashes,  consuming  smoke,  and  keeping  up  i 
clear  fire. 

Messrs.  Colquhoun  <fc  Thomson,  London,  ex 
hibited  movable  girder  Jirebars,  of  which  even 
alternate  bar  is  traversed  back  aud  forwanb 
longitudinally. 
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Mr.  R.  Harlow,  Stockport,  exhibited  a  draw- 
ing of  a  multitubular  firebridge  and  Jieat-gene- 
rator. 

Mr.  W.  A.  Martin,  London,  exhibited  rock- 
ing firebars.  The  bars  an  rocked  by  hand  upon 
a  central  bearing,  by  which  they  arc  sustained, 
in  two  sets  of  alternate  bars,  so  as  to  cross  each 
cither. 

M  essrs.  E.  Murray  it  Co.,  London,  exhibited 
moving  argand  firebars,  for  supplying  air  by 
means  of  44  air-conductors."  The  bars  are  2  inches 
thick,  with  J^  -inch  inters|>ace8,  and  air-slots 
down  the  sides  and  through  the  body  of  each 
W.  As  the  supply  of  air  for  the  central  slots 
is  provided  by  clear  openings  made  through  the 


Fio.  333. 


Mot  iso  Aioavd  Fikbbam,  by  Mr  Mrs.  E.  Murray  A.  Co.,  London 


sides  of  the  bars,  they  are  in  this  respect  lighter 
and  stronger  than  ordinary  bars,  and  are  more 
easily  kept  cool  (fig.  333). 

Mr.  W.  Stratford,  London,  exhibited  an  44  air- 
diffused  and  smoke-constiming  furnace"  in  which 
the  l»ars  are  2\  iuches  thick,  with  £-inch  inter- 
spaces, and  formed  with  two  rows  of  slot-holes 
for  air  through  the  body  of  the  bar,  with  slots 
at  the  sides. 


CHAPTER  III. 

TUBES,    RODS,    WIRE,  ETC. 

Messrs.  Newton,  Keats,  tfc  Co.,  Liverpool,  ex- 
hibited— (1.)  Articles  of  copperand  brass — plates, 
xlieels,  bolts,  tubes,  wire,  ifec.,  for  engineers'  and 
general  uses.  Of  these,  a  few  will  be  noticed  : — 
1.  A  rectangular  copper  firebox-plate  for  loco- 
motives, 16  feet  6  inches  long,  by  4  feet  5  inches 
•wide,  and  1  inch  thick,  weighing  15  cwt.  0  qr. 
21  lb.  2.  A  very  tliin  sheet  of  copjter,  10  feet 
long,  and  4  feet  6  inches  wide,  weighing  only 
1J  cwt.,  and  being  about  ^  inch  in  thick- 
ness. 3.  Copi^er  bolts  were  from  j  to  1 1  inch  in 
diameter,  and  21  feet  long  ;  they  were  j>artially 
rolled,  and  then  finished  by  being  drawn  through 
steel  dies  upon  a  draw-licuch,  to  render  the 
metal  dense,  and  to  make  the  liolts  more  truly 
cylindrical  than  can  lie  effected  by  rolling  only. 
This  Ls  a  point  of  some  importance  for  screwed 
stay-bolts.  4.  Copper  tubes,  made  seamless  or 
jointl ess,  from  li  to  5  inches  diameter,  for  steam 
aud  other  purpoMfl — better  than  brazed  tubes. 


5.  Copper  teacJi,  or  pan,  semLsplierical,  4  feet  in 
I  diameter,  with  a  flange  4|  inches  wide,  weighing 
!  4  cwt.  1  qr.  7  lb.     6.  Strings  of  round  and 
square  copper  toire  ;  the  heaviest  string  was  one 
of  round  wire,  \  inch  in  diameter,  77  lb.  weight ; 
the  longest  was  one  of  No.  20  wire-gauge,  64 h  lb. 
weight,  upwards  of  20,000  feet  in  length.  One 
string  of  No.   19  wire-gauge  weighed  72  lb. 
These  arc  much  heavier  tlian  copper  wire  usually 
made.    7.  Of  the  brass  goods,  the  heaviest  piece 
was  a  wrought- brass  air-pump  rod,  turned  and 
polished,  6  J,  incites  in  diameter,  10  feet  7  inches 
long,  1 1  cwt.  2  qr.  4  lb.  weight.    Attached  to 
it,  a  piece  of  the  same  metal,  weighing  31b.,  was 
shown,  drawn  out  into  fine  wire,  No.  32  wire- 
gauge,  two  miles  in  length,  to  prove  its  tenacity 
and  ductility.    A  rod  of  so  large  dimensions  is 
I  rarely  required  for  marine  engines  of  the  pre- 
vailing forms  of  construction.     8.  The  next 
article  of  iuqiortance  was  a  /wary  rvlletl  brass 
tube-plate,  for  the  surface  condenser  of  a  marine 
|  engine,  5  feet  9  inches,  by  5  feet  2  inches,  by 
$  inch  thick,  weighing  10  cwt.  1  qr.  7  lb. 
9.  Seamless  brass  tubes,  from  h  to  |  inch  in 
diameter  and  12  feet  long,  for  the  tubing  of 
surface  condensers.     10.  Seamless  brass  tubes, 
.  manufactured  on  Keate's  patent,  H  to  5  inches 
diameter,  for  locomotive  and  marine  boilers. 
11.  Yellow  metal  bolts,  \  to  1£  inches  diameter, 
and  21  feet  long.     12.  Strings  of  brass  wire, 
I  from  No.  5  to  No.  22  wire-gauge,  weighing  from 
j  29  lb.  to  3511b. 

(2.)  The  same  exhibitors  showed  a  selection 
of  rollers,  cylinders,  and  bowls,  for  working  uj>on 
textile  fabrics,  which  may  here  be  noticed.  In 
the  manufacture  of  printing  and  embossing 
rollers,  the  great  aim  is  to  obtain  a  fine  perfect 
surface  to  receive  the  engraving,  for  the  smallest 
defect  in  the  surface  is  printed  as  a  blemish 
upon  the  cloth  ;  and  not  only  is  the  first  surface 
required  to  be  j>erfect,  but  the  printer  expects 
to  be  able  to  turn  down  the  roller  when  the 
first  engraving  is  done  with,  to  provide  a  new 
surface  for  re-engraving,  and  to  repeat  the  pro- 
cess so  long  as  there  is  metal  enough  left  to 
work  with  :  —  1.  The  largest  roller  exhibited 
was  a  handkerchufi  roller,  38  inches  long,  with 
i  a  circumference  of  47|  inches,  and  14^  inches 
I  bore,  weighing  282  lb.    It  presented  a  surface 
i  for  engraving  amounting  to  12£  square  feet, 
j  entirely  free  from  blemish.     2.  The  singeing- 
\  plates  were  of  copper,  one  of  which  was  7  feet 
|  8  inches  long,  and  weighed  426  lb.    They  are 
,  thick  and  narrow,  and  arched  into  a  sort  of 
bridge.    When  in  use,  they  are  heated  red-hot, 
and  the  cotton  cloth  is  passed  rapidly  over  them, 
to  singe  off  the  nap  before  lieing  printed  upon. 
3.  Two  copper  sizing  cylinders,  and  a  brass  bowl 
for  calendering,  were  shown.    These,  as  well  as 
the  printing  rollers,  are  mounted  upon  iron 
centres  or  mandrils  when  in  use. 

The  Broughton  Copj>cr  Company,  Manchester, 
'  exhibited  a  collection  of  tube*,  brazed,  seamless, 
!  moulded,  spiral ;  and  solid  copper  pipe. 
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Messrs.  Eadic  <fc  Spencer. 
Glasgow,  exhibited  wrought-iroh 
tubes  up  to  C  inches  in  diameter. 
*  inch  thick,  and  9  feet  long, 
with  a  5 -inch  branched  pipe,  «fc<- 

Messrs.  A.  Evcritt  <fc  St 
Birmingham,  exhibited  bra* 
and  copper  tubes  for  locomotive?, 
coils,  oval  tubes  ;  a  coil  of  copper 
wire  2,000  yards  long,  1  oz.  in 
weight,  &c  The  accompanying 
figure  of  the  interior  of  the  tuW 
manufactory  of  the  exhibitor* 
illustrates  the  process  of  manu 
facture  (fig.  334.) 

The  Imperial  Iron  Tube  Com 
pany,  Biruiingham,  exhibited 
iron,  brass,  and  copper  tubes. 
The  iron  tubes  arc  lap- welded. 
1.  An  8-incIi  wrought-iron  pipe, 
-fa  inch  thick  j  GA-inch  T-pij** 
and  3^-inch  cross-pipes.     2.  A 

1-  inch  iron  pipe,  turned  into  i 
coil  1  \  inches  in  diameter,  2j 
niches  pitck  3.  A  taper  yip, 
in  seventeen  coils,  from  1|  V> 
g  inch  outside  diameter.  4.  Glaa 
ewimeffedwrought-inm  tubes  and 
fittings.  5.  Copper  tube*,  scarfoi 
and  brazed,  4|  inches  diameter. 
■fa  inch  tluck.  6.  3A-inch  bnt*.- 
tulH-s,  J  inch  thick,  <fcc  7. 
Hughes'*  taps,  in  which  the  plugs 
arc  made  hollow,  and  form  a 
jx>rtion  of  the  thoroughfare ; 
thus  the  pressure  of  the  steam 
or  water,  flowing  through  the 
tap,  is  balanced,  and  the  plug  i- 
free  from  liability  to  be  tightened 
or  loosened  by  pressure,  or  bj 
unequal  expansion. 

Messrs.  Lloyd  ami  Lloyd 
Birmingham,  exhibited  wrought- 
iron  tubes  and  Jit  tings,  compil- 
ing a  6-inch  tube.    A  piece  of 

2-  inch  homogeneous  meUd  tvU 
for  boilers  had  been  flattened 
and  doubled  up  without  aiiv 
fracture,  showing  the  toughnea 
of  the  metal.  Well-made  pipe 
with  six  and  eight  branches  wen 
shown. 

Messrs.  J.  Louch  «fc  Co.. 
London,  exhibited  union  joinU 
and  pipe  fittings.  Lead-nijt 
joints  are  made  by  flanging  the 
ends  of  the  pijies,  and  screwing 
them  up  with  right-and-left-hand 
unions.  2.  Heap's  pipe-cutter, 
worked  by  a  double  haiid-lever: 
the  cutter  is  set  by  a  screw  on 
the  handle. 

Messrs.  James  Russell  &  S<<u\ 
Wedncsbury,    exhibited  inn. 
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and  fittings,  showing  12-inch  iron  tubes 

r  boilers;  1 
hydraulic  tubes, 


j  inch  thick,  12  feet  long,  for  boilers;  12-inch 


thick 


ubes 

a . 

i  «  

steam   tubes  \  inch 

^  incli  diameter  outside ;  wrought- iron  tubes 
with  enst-iron  head,  a  j)art  t»f  York  and  Benson's 
■*tcam-l>oiler ;  a  coil  of  J -inch  tube  from  70 
to  80  feet  long ;  glass-enamelled  tube.  Ac- 
cording to  experimental  tests  conducted  by  the 
exhibitors,  tubes  of  homogeneous  metal,  3  inches 
external  diameter,  and  No.  13  wire -gauge  in 
thickness,  were  burst  hy  a  pressure  of  3,600  lb. 
]>er  square  inch;  and  collapsed  by  a  pressure  of 
1,4001b.  per  square  inch.  Iron  tubes  of  the 
Maine  external  diameter,  and  No.  11  wire-gauge 
in  thickness,  were  burst  by  a  pressure  of  2,700 lb. 
per  inch,  and  collapsed  by  a  pressure  of  1,200  lb. 
|>er  inch.  The  tubes  tested  were  froin  3  to  4 
feet  in  length. 

Messrs.  John  Russell  Js  Co.,  London  imd 
Manchester,  exhibited  icrought-iron  tubes  for 
boilers,  <fcc,  showing,  besides  large  lap- welded 
tubes,  a  tube  f  inch  outside,  formed  into  a  coil 
inches  in  diameter  ;  a  tube  jj  inch  outside, 
coiled  to  41  inches  diameter  ;  and  a  tube  1  inch 
outside,  coiled  to  8  inches  diameter. 

The  Stephenson  Tube  Company,  Birmingham, 
exhibited  seamless  brass  and  copjter  tubes,  show- 
ing a  solid-drawn  copper  pipe,  16i  inches  in 
diameter ;  an  oval-drawn  copper  pipe,  3  inches 
by  f  inch  ;  an  octagonal  solid-drawn  copper 
tube,  6  inches  diameter,  and  11  feet  3  inches 
long  ;  the  same  in  brass,  5£  inches  in  diameter ; 
a  coil,  3  inches  in  diameter,  of  tube  \  inch  out- 
side, and  fully  J^-inch  bore. 


CHAPTER  IV. 

SAFETY-VALVES,  WATER-GAUGES,  WATKIl- 
FEEDEKS,  tfce. 

Messrs.  Allen,  Harrison,  <fc  Co.,  Manchester, 
exlubited,  besides  a  collection  of  brass  mounting, 
a  fusible-alloy  safety-valve,  to  give  way  when  the 
water  in  the  boiler  falls  too  low.  Plugs  of 
fusihie-allny  are  let  into  the  valve,  which  is 
fixed  upon  the  boiler-flue  over  the  fireplace. 
When  uncovered  by  water,  the  plugs  are  mid  ted 
out  by  the  heat  of  the  furnace,  and  the  steam 
esca|K-s  into  the  fireplace. 

Messrs.  R.  tfc  L.  R.  Bodmer,  London,  ex- 
hibited  Mr.  K.  liodmers  safety-valve,  designed 
to  obviate  the  defects  of  sjifety-valves  of  the 
ordinary  construction.  With  these  the  steam, 
when  about  to  blow  off,  must,  for  this  purpose, 
raise  the  valve  from  its  seat ;  but  the  valve 
rarely  rises  more  than  -fa  inch  from  the  seat, 
and  the  opening  for  escape  is  of  course  restricted 
to  the  smile  measure.  The  restriction  of  the 
ojKiiing  to  so  small  a  quantity  is  owing  probably 
to  the  instantaneous  reduction  of  steam-pressure 
under  the  valve,  so  soon  as  a  current  outwards 
is  established,  when  motion  takes  the  place  of 


dead  pressure.  But  the  result  is  that  the  steam 
cannot  in  all  cases  escape  so  fast  as  it  is  gene- 
rated, and  the  pressure  consequently  rises  in  the 
boiler  considerably,  and  sometimes  dangerously, 
above  that  to  which  the  safety-valve  is  loaded 
Mr.  Bodmer \s  valve  is  so  constructed  that  it 

Fic.  335. 


KqviumVM  fiiFBTT-VALTK,  with  Weighted  Le\er,  by 
Mr.  L.  H.  Bodmer,  Loudon. 

Fig.  330. 


BqriLiiiBluu  Safitt-Valt*,  with  Direct  Load,  by  Mr. 
L.  K.  Bodmer, 


rises  with  a  slight  excess  of  pressure,  and  makes 
an  aperture  sufficiently  large  to  allow  all  the 
surplus  steam  to  escape,  or  at  least  as  much  as 
can  pass  through  the  opening  from  the  boiler ; 


3<H 


PIECES  AND  FITTINGS  OF  STEAM-ENGINES  AND  BOILERS. 


and  tikis  is  effected  by  means  of  applying  in- 
dependently and  maintaining  the  full  boiler- 
pressure  undiminished  ujxm  the  under  side  of 
the  valve,  entirely  sejtarated  from  the  current  of 
sterna  blowing  off.  For  this  purpose  the  valve- 
cup  Ls  turned  out  on  the  under  side,  so  as  to 
form  a  cylindrical  recess,  to  receive  a  steam- 
tight  disc  projected  from  the  valve-seating — the 
Valve-Seat,  or  opening  for  the  escaping  steam, 
being  lwdow  the  level  of  the  disc.  Steam  or 
water  from  the  boiler  is  admitted,  under  pressure, 
through  a  central  tube  to  the  space  between  the 
disc  and  the  top  of  the  valve,  and  is  thus  totally 
isolated  by  the  disc  from  the  escaping  current  of 
steam  below.  This  is  an  ingenious  and  no 
doubt  effective  safety-valve.  Mr.  Bodmer  con- 
siders that  a  4-inch  valve  on  his  principle  is 
equal  iu  efficiency  to  a  common  valve  of  04 
inches  diameter  (figs,  335,  330,  page  363). 

With  a  slight  modification,  valves  on  this 
principle  may  Ik-  constructed  with  a  lifting  area 
of  exact  ly  one  square  inch,  less  or  more,  whilst  the 
valve  may  l»e  3,  4,  or  more  inches  in  diameter. 
Messrs.  E.  T.  Bellhouse  <k  Co.,  Manchester,  exhi- 
bited, besides  a  hori- 
zontal engine,  and  a 
model  of  their  twin 
steam  -  boiler,  CVto- 
btirn's  OHcUUtting  di- 
rect -  weighted  safety- 
valve.     It  is  direct 
acting,    without  a 
lever,  is  freely  sus- 
]>endcd,  so  prevent- 
ing adhesion  orstick- 
ing  to  its  seat,  on 
which  it  rests  with 
a  spherical  Ixwing, 
itself  to   the  vertical 


COWHW>    8Ar«TT-ViLr»,  \>J 

Mwm,  K.T.ISeUhouM&Co., 
Manrhcitcr. 


and  is  free  to  adjust 
position  (tig.  337). 


Messrs.  T.  Walker  &  Son,  Birmingham,  ex 
hibitcd  their  quadrant  aUirm  water-gauge,  th< 
object  of  which  is  to  indicate,  by  a  radL-J 
pointer,  actuated  by  a  steam-float,  the  level  ff 

the  water  in  th* 
!>oiler,und  to  sound 
an  alarm  by  means 
of  a  steam-whistle 
when  the  water- 
level  gets  too  low. 
The  float  is  su* 
pended  from  tin* 
end  of  a  lever 
working  within  » 
steam  - 1  igh  t  cast  - 
iron  box,  fixed  upon 
itnd  in  free  com- 
munication with 
the  boiler.  The 
axle  of  the  lever 
is  carried  through 
a  stuffing -box  in 
the  side  of  the  box,  and  carries  the  pointer  on  it* 
outer  end,  with  a  counterweight  to  l>alance  th? 
float.  This  apparatus  is  better  than  the  common 
stone  float  with  a  rod  passing  directly  through 
the  stuffing-box  in  the  top  of  the  boiler,  as  the 
resistance  from  friction  and  the  liability  to 
stick  in  the  stuffing-box  is  very  much  diminished 
by  the  introduction  of  the  lever  (fig.  338). 

Mr.  Francis  Wise,  London,  exhibited  FeaOier 
stonJiaugh  <t*  Wise's  "  boiler  guardian,"  being  a 
feed-water  regulator,  indicator,  and  alarm.  By 
a  motion  from  a  copper  float  attached  to  the  end 
of  a  lever  within  the  boiler,  a  slide-valve  i> 
moved  upon  a  three-jiorted  vertical  face  witliin 
a  steam-tight  cast-iron  l>ox  on  the  top  of  the 
boiler.  When  the  water-level  is  too  high,  air 
or  steam  is  admitted  into  the  force-pnmp,  and 
susjHmds  the  supply  of  water ;  but  should  that 


Ql  UHHXT  Anna  WlTtl-OllGt, 

by  Meanra.  T.  Walker  &  Sod, 
Uiruungbam. 


Fig.  aay. 


Top     of  Boiltr. 


Ho  ill  ii  UcAKbiAX  (Fcalhcratoubtugh  &  Wi»e'»  Patent),  by  Mr.  F.  Wiao,  London. 
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fail,  the  third  port  is  uncovered,  and  conducts  a 
current  of  steam  to  sound  an  alarm  whistle 
(fig.  339). 

Mr.  J.  Chandler,  London,  exhibited  flat-glass 
tvater-gauges,  which  consist  of  metallic  canes 

with  glass  fronts.  They  are 
neat  and  substantial,  and 
afford  a  clear  and  satisfac- 
tory view  of  the  water-level 
in  the  boiler.  They  are 
fitted  either  singly  or,  for 
still  greater  security,  in 
IHiirs  (fig.  340). 

M.  Lethuillier  -  Pinel, 
Rouen,  exhibited  magnetic 
uxUer-gauge«,  in  which  a 
magnet,  moved  by  a  float 
inside  the  boiler,  causes 
a  small  steel  roller  to  rise 
and  fall  outside  a  face-plate 
on  the  top  of  the  boiler,  and 
indicate  the  variation  of  the 
level  of  the  water. 

Messrs.  Routledgc  «fc 
Ommanncy,  Manchester,  ex- 
hibited a  self-acting  boiler- 
feeder.  A  close  chandler  Is 
filled  with  steam  from  the 
boiler  ;  the  steam  is  then 
shut  off,  and  feed-water  from 
a  higher  level  Ls  admitted 
into  the  chumber,  condens- 
ing the  steam,  and  forming 
a  vacuum.  The  chamber  being,  therefore,  filled 
with  feed -water,   by  atmospheric  pressure,  a 

double  communi- 
cation is  ojx'ned 
with  the  boiler — 
above  with  the 
steam,  and  below 
with  the  water 
in  the  boiler. 
The  water  then 
gravitates  from 
the  condensing 
chamber  into  the 
boiler,  and  its 
place  Ls  again 
occupied  by 
steam,  to  be 
again  condensed, 
and  the  chamber 
re- filled.  A  vacu- 
um of  1 2  lb.  per 
inch  is  formed  in 
this  apparatus, 
and  about  a 
fourth  of  the 
whole  quantity 
of  water  deliver- 
ed at  one  cliarge 
is  required  to 
form  the  vacuum  under  a  head  pressure  ;  the 
remainder  of  the  charge — three-fourths — can  be 


Flit-Glim  W»tk«- 
Oaioi.  bqr  Mr.  J. 
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Self-  ictiko  Boii.fr- Kk«pfr,  by  Messrs. 
Koutledge  *  Ommannry ,  Manchester. 


fetched  by  means  of  the  vacuum  from  the  hot 
well  of  the  engine  or  from  any  other  source. 
The  exhibitors  state  that  this  apparatus  will  feed 
with  water  at  212°  Fahrenheit,  though  it  doe* 
not  appear  how  a  vacuum  can  lie  maintained  at 
212°;  also,  that  it  will  fetch  cold  water  from  a 
depth  of  20  feet  below  the  feeder,  and  warm 
water,  at  90°,  from  a  depth  of  15  feet  (fig.  341). 

Messrs.  .Sharp,  Stewart,  «fe  Co.,  Manchester, 
— also  M.  Flaud,  Paris, — exhibited  GiffanVs 
toater-injector,  which  has  already  l>een  noticed 
(see  juiges  2G  and  144). 

MM.  Gargan  «fc  Co.,  Parts,  exhibited  a  self- 
feeding  apparatus  for  boilers,  on  the  principle  of 
that  of  Messrs.  Routledge  «fc  Ommanncy,  by  the 
alternate  condensation  of  steam  and  the  forma- 
tion of  a  vacuum,  and  the  filling  of  the  vacuum 
from  the  supply  of  water.  A  cylindrical  slide 
Ls  moved  up  and  down,  in  which  a  central 
chamlicr  having  three  jx»rte  communicates  alter- 
nately with  the  steam  and  the  water  of  the 
boiler,  through  two  of  the  ports  wul  with  the 
water  supply  through  the  third  port. 

M.  Acliard,  Paris,  exhibited  an  electro-magnetic 
feed-water  regulator,  which  combines  the  functions 
of  regulating  by  self-action  the  supply  of  feed-water 
to  the  boiler,  and  of  giving  notice  by  ringing  a 
bell  when  the  water  Ls  too  low  or  too  high,  when 
the  pressure  of  steam  Ls  too  high,  when  the  feed- 
pump Ls  out  of  order,  and  when  the  apparatus 
itself  Ls  out  of  order.  By  means  of  a  current  of 
electricity,  the  action  of  the  feed-pump  Ls  sus- 
jH»nded  or  restored,  whilst  the  pump  continues 
uninterruptedly  in  motion.  The  agency  of  the 
electric  current  is  employed  only  to  connect  or 
disconnect  certain  organs,  not  to  provide  me- 
chanical action,  the  connection  being  made  or 
xinmado  by  means  of  a  float  on  the  water. 
Many  of  this  apparatus  are  at  work  in  France, 
where  they  are  said  to  give  satisfaction  ;  but  the 
apparatus  does  not  ojKjrate  when  the  engine  is 
at  rest. 

Messrs.  Wm.  Oxley  «fc  Co.,  Manchester,  exhi- 
bited a  st&im-trap,  for  draining  off  water  from 
steam-pipes.  A  round  float  of  tinned  copper  Ls 
fixed  on  the  stem  of  a  small  brass  valve  within 
a  chamber,  into  which  the  steam  and  water  are 
delivered.  The  flotation  of  the  float  in  water 
exceeds  the  pressure  on  the  valve,  and  therefore 
it  opens  tho  valve,  and  permits  the  water  to 
escape.  The  float  descends  as  the  water  escapes, 
aud  again  closes  the  valve  until  the  water  again 
accumulates.  The  exhibitors  showed  also  an 
oil-can,  fitted  with  a  valve  inside,  which,  by  tho 
action  of  a  spring,  closes  the  orifice  of  the  spout 
and  prevents  waste.  When  the  oil  is  to  be  de- 
livered the  valve  is  opened  by  pressing  with  the 
thumb  u|xm  a  stud. 

M.  A.  Fougault,  Decize,  Nievrc,  exhibited  a 
"  drain  apparatus,''  for  trapping  water  from 
steam-pipes,  which  acts  on  tho  principle  of 
Messrs.  Oxley  Jc  Co.'s,  above  described. 
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CHAPTER  V. 

PRESSURE-OAl'OES,  ETC. 

The  original  pressxire-gaugo  consisted  of  a 
column  of  mercury  in  an  upright  glass  tube, 
open  at  the  foot,  standing  in  a  cup  of  mercury 
and  closed  at  the  top,  containing  a  quantity 
of  air.  Amongst  other  objections 
was  the  difficulty  of  correctly  reading 
ott"  the  pressure  from  the  scale  in 
the  upper  ranges,  owing  jmrtly  to 
the  minuteness  of  the  subdivisions, 
and  partly  to  the  distortion  of  the 
scale  by  the  refraction  of  light  through 
the  glass.  In  the  pressure-gauges  ex- 
hibited, the  use  of  the  vertical  column, 
except  in  Mr.  Allan's  gauge,  was 
abandoned  for  metallic  springs  in 
various  forms,  the  most  common  of 
which  consisted  of  thin  flexible  discs 
secured  at  the  circumference,  and 
exposed  to  the  pressure  on  one  of 
their  surfaces — the  resulting  deflec- 
tion of  the  plate  being  transmitted 
through  a  rack  aud  pinion  to  a  pointer 
on  the  axis  of  the  pinion,  by  means  of 
which  the  motion  is  magnified  and 
the  pressure  indicated  upon  the  dial. 

Messrs.  Smith  Brothers  «fc  Co., 
Nottingham,  exhibited  pressure  ami 
vacuum  gauges,  in  which  a  volute 
spring  receives  the  pressure  through 
an  india-rubber  disc  stretched  across 
the  aperture  of  the  pressure-tube,  to 
transmit  the  pressure  whilst  prevent- 
ing the  passage  of  steam  or  water  into  the 
instrument. 

Messrs.  G.  Salter  <fc  Co.,  West  Bromwich, 
exhibited,  besides  the  well-known  spring-balances 
for  which  they  are  celebrated,  a  selection  of 
pressure-gauges,  in  which,  as  in  Messrs.  Smith's 
gauges,  the  pressure  acts  through  a  tight 
india-rubber  disc,  on  which  a  metallic  plate  is 
placed,  with  a  rod  in  connection  with  the  me- 
chanism, to  receive  the  resistance  from  a  helical 
Bpring. 

Messrs.  B.  A.  Crautoff  <fc  Co.,  Ixmdon,  exhi- 
bited steam  atul  vacuum  gauges,  in  which  two 
hollowed  steel  discs  are  applied,  and  jointed  to- 
gether at  the  circumference,  leaving  a  hollow 
space  between  them.  The  pressure  collapses  the 
chamber,  and  thus  gives  the  required  action, 
which  is  the  combined  deflection  of  two  discs. 

M.  R  Bourdon,  Paris,  exhibited  the  pressure- 
gauge  well  known  by  his  name,  in  which  a  coil 
having  the  section  of  a  flattened  tube  is  employed 
to  receive  and  indicate  the  pressure.  When 
steam,  or  water  under  pressure,  is  admitted  into 
the  coil,  the  pressure  tends  to  uncoil  or  straighten 
the  tul>e,  in  proportion  to  its  intensity  ;  and  when 
the  pressure  is  relaxed  or  withdrawn,  the  tulio 
returns  towards  its  original  form.  The  motion 
of  the  extremities  of  the  tube  is  in  proportion 


to  the  pressure  applied,  so  that  the  indication* 
are  equal  for  equal  increments  of  pressure.  In 
the  steam-pressure  gauge  of  the  simplest  form,  a 
coil  of  a  little  more  than  one  convolution  is  em- 
ployed, one  end  being  attached  to  a  stoi>eock  in 
connection  with  the  lwiler,  and  the  other  end 
carrying  an  index-pointer  traversing  a  graduated 
scale.    For  a  greater  range  of  motion  the  end  of 

Fioa.  343. 


|  •  r  ._  _. 
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STiiw-liiroK,  by  Men™.  Schifler  &  Budenbtrp,  Magdeburg,  a  a,  corrugated 
»teel  plate  to  remits  the  preuure.  The  action  it  trau«imtted  t'v  the  parri 
A,  e,  J,  regulated  by  the  epiral  rpring  «. 


the  tube  is  linked  to  a  toothed  sector,  which 
turns  a  pinion  on  the  spindle  of  the  jsiinter.  In 

Flo.  313. 


MitiKi  Giroi,  by  Me»sri.  Scblffer  ft  Baden  be  if. 

another  form  a  twisted  tube  like  a  quick-threaded 
screw  is  employed  ;  steam  lieing  admitted  par- 
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tially  untwists  the  tube,  and  thus  gives  motion 
to  the  index-pointer.  A  gauge  for  very  high 
pressures  is  made  by  connecting  two  curved 
tubes,  which  are  filled  with  water  in  free  com- 
munication, one  of  which  is  exposed  to  pressure 
externally,  and  transmits  it  to  the  other  by 
internal  hydrostatic  action.  The  action  is  com- 
municated from  the  second  tube  to  a  pointer  in 
the  usual  way. 

M.  Bourdon  also  exhibited  a  mode  of  raising 
water  by  jets  of  steam,  in  principle  like  CJittard's 
injector ;  it  was  invented  before  this  apparatus. 

MM.  Schafier  it  Budenberg,  Magdeburg,  ex- 
liibited  gauges  and  other  steam-engine  Jiltings. 

1.  Steam-gauges,  in  which  the  pressure  is  received 
upon  a  corrugated  circular  steel-plate,  which  is 
coated  with  silver  on  the  steam  side,  to  prevent 
corrosive  action.  A  spiral  spring  is  introduced 
at  the  back  of  the  jjointer,  to  take  up  any  loose- 
ness of  the  working  parts  (figs.  342  and  343). 

2.  Hydraulic  gauge,  for  presses  and  pipes,  fitted 
with  a  "  maximum  pointer," — that  is,  a  loose 
pointer,  to  show  the  highest  or  lowest  pressure 
applied.  The  dial  is  graduated  into  pounds  or 
tons,  up  to  10  tons  per  square  inch  (fig.  344). 


Fio.  Ml 


IlTDEAfUC  GlVOB,  by  Meurs.  Schiffer  A  Budenberg. 


3.  Engine-counter,  made  without  springs.  The 
lever  for  taking  the  oscillating  motion  or  reci- 
procating strokes  of  a  Bteam-engine  works  an 
excentric,  which  moves  a  long  lever  laid  along 
the  bed  of  the  counter,  and  pivoted  at  the  other 
end.  Tho  lever  is  fitted  with  two  hardened 
■feed  teeth,  which,  alternately  striking  into  a 
wheel  with  ten  teeth,  analogously  to  a  clock 
escapement,  advance  it  by  one  tooth,  or  one-tenth 
of  a  revolution  for  each  vibration,  causing  it  to 
make  one  turn  for  ton  strokes.  By  appropriate 
gearing  the  successive  wheels  and  dials  make 
one  turn  for  ten  of  the  wheel  preceding,  and 
thus  with  six  dials  the  instniment  counts  up  to 


1,000,000  (fig.  345).  4.  Syphon-box  or  steam- 
trap,  to  remove  the  water  by  condensation  of 
steam  or  otherwise  from  steam-pipes,  without 
any  loss  of  steam.  It  is  placed  sufficiently  low 
to  allow  the  water  to  fiow  into  it    The  water 


raises  the  float  inside,  which  is  open  at  the  top, 
until  it  is  arrested  by  the  central  escape-tube  ; 
the  water,  by  continued  influx,  overflows  into 
I  the  float,  sinks  it,  and  opens  a  valve  at  the 
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bottom  of  the  float,  when  the  water  is  finally 
forced  up  the  tul>e  by  the  steam-pressure  and 
carried  away.  The  valve  closes  again  before 
steam  can  escape,  and  the  self-acting  process  is 
rejxaited.  A  check-valve  in  the  escape-tulx' 
prevents  tho  return  of  the  water  that  has  been 
expelled  (figs.  346  and  347).    5.  Double  relief- 

Fio. 


^    r  ■  —  -  ■ 

8ir.AM-TBAr,  br  Mcssn.  Schlffer  k  Budcnberg. 
Fio.  547. 


Smu-Tur  (new  deiign),  by  limn.  Schiiffor  k  Budenberg. 

valve,  for  removing  water  from  steam-cylinders. 
A  tube  from  each   end  of  the   cylinder  is 

Fio.  31*. 


steam  in  the  cylinder,  and  closed.  Whilst  one 
valve  is  closed,  the  other  valve  is  at  the  same 
time  o|H»ned  by  means  of  a  lever,  acted  upon 
by  the  closed  valve,  anil  the  water  flows  off 
through  an  escajie  pipe  (fig.  348).  In  another 
and  simpler  plan,  the  valves  are  placed  horizon- 
tally and  are  directly  connected  to  each  other, 
dispensing  with  the  lever,  and  hy  the  same 
action  arc  ojiened  and  closed  alternately  (fig. 
349).  These  valves  are  available  also  for  reli^v 
ing  lxack-pressure  in  the  cylinder.     Ct,  Dynn 

Fig.  3». 


DomLl  Biliif-Valtb,  by  Mmn,  Scbiffer  k  Bndenberg.  a, 
two  endl  of  the  cylinder ;  r,  e»c»pe.pipe ;  J,  reciprocating 

ntim. 

connected  to  one  of  a  pair  of  valves  which 
alternately  are  subjected  to  the  pressure  of  the 


Dol'Dlk  Blt.isr-Vii.ri  (nrapliQed  design),  by  Mctin. 
Bcbuffrr  k  Uudenberg. 

Fig.  3W. 

mometer,  in  which  a  pair 
of  solid  steel  bars,  slightly 
curved,  are  framed  together 
face  to  face,  with  a  hook 
at  each  end  to  make  con- 
nections. The  strain  tends 
to  straighten  the  springs, 
and  the  action  is  commu- 
nicated by  the  usual  means 
to  a  pointer  on  a  dial 
fixed  in  the  apparatus,  to 
indicate  the  load  or  strain. 
The  springs  are  guarded 
by  a  pair  of  rods  moving 
loosely  in  their  bearings, 
which  take  the  strum  in 
case  the  springs  fail  (fig. 
350).  7.  Winding  itidicar 
tor,  for  coal-mines,  to  in- 
dicate by  two  jxnnters  the 
position  or  the  height  of 
the  cages 
in  a  pit. 
The  mo- 
tion of  the 
apparatus 

is  derived  from  the  winding- 
engine,  and  is  imparted  to  a 
screw  which  revolves  in  anxnon 
with  it  A  slide  connected  to 
an  endless  band  passing  over  two 
pulleys,  as  in  a  band-saw,  is 
traversed  to  and  fro  by  the 
screw,  and  causes  the  wheels, 
which  carry  {winters  with  them, 
to  turn  on  their  axles,  and 
indicate  the  progress  of  the 
cages  respectively  on  two  semicircular  scales. 
A  bell  is  struck  at  the  instant  that  the  cages 


Dv!UMOV»T»«.  hr  M 

SchUTcr  k  Budralwrj 


4,  tube*  from  tbe 
leter  between  the 


SALINOMETERS. 
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are  at  their  destination  by  means  of  a  couple  of 
triggers  carried  by  the  slide,  which  lift  alter- 
nately a  couple  of  studs  fixed  at  each  end  of 
a  graduated  lever,  and  give  the  fall  for  striking 
the  bell  (tig.  351).    8.  Low-water  indicator  and 


Fio.  351. 


WrxDiMc  Indicator  for  Coal  HioN,  by  Mnon.  Rrhilflrr  k 
nudenlK-rg .  d,  the  slide  i  t,  the  endlmu  band  o»er  the  wheels 
/,/;  9.  the  traversing  screw;  e,r 


whistle,  for  a  boiler,  acts  by  means  of  a  float 
connected  to  a  stem  within  a  steam-tight  case. 
The  stem  is  surmounted  by  a  small  globe,  which 
fits  and  slides  easily  in  a  socket  at  the  base 
of  the  whistle,  and  prevents 
the  escape  of  steam  until, 
when  the  level  falls  too 
low,  the  globe  descends  and 
uncovers  an  opening  for 
steam  to  the  whistle  to 
sound  an  alarm.  The  ap- 
jwu-atus  works  without  fric- 
tion (fig.  352). 

Mr.  C.  T.  Porter,  New 
York,  exhibited  C.  B. 
Richards' a  indicator  for 
steam-engines,  designed  to 
obviate  the  objection  to 
most  other  indicators  when 
applied  to  high-speed  en- 
gines, consisting  in  the  ex- 
cessive weight  of  the  re- 
ciprocating parte,  which  by 
their  momentum  disturb 
the  action  of  the  pencil, 
and  to  a  certain  extent 
vitiato  the  diagram.  Mr. 
M'Naught's  indicator  is,  to 
some  extent,  open  to  this 
objection  ;  Mr.  D.  Gooch's 
indicator  is  more  nearly 
correct,  but  it  is  a  little 
complex,  and  involves  ad- 
ditional labour  in  reducing 
the  diagrams.  But  whilst 
it  is  to  lie  desired  that  an 
indicator  should  describe 
precisely  the  degree  and 
the  variations  of  pressure  in  the  cylinder,  the 


I*>w.Watis  Indicator 
«od  Whistle,  by  Messrs. 


figures  described  by  either  M' Naught's  or 
Gooch's  indicator  are  nevertheless  susceptible 
of  being  reduced  to  the  normal  form,  the  dis- 
turbances being  eliminated  from  them.*  In 
Richards'a  indicator  the  weight  of  the  moving 
parte  is  reduced  as  much  as  possible  ;  a  short 
spring  is  used,  and  the  range  is  multiplied 
by  a  lever  formed  with  another  lever  into  a 
I  Kind  lei  motion,  to  carry  the  ]>encil  in  a  straight 
line.  The  pencil  is,  in  fact,  a  pointed  brass 
wire,  which  marks  on  prepared  metallic  paper, 
and  is  lighter,  stronger,  and  more  durable  than 
black-lead  j>encils.  A  common  pin  with  a  blunt 
point  makes  a  good  line.  The  indicator-diagrams 
taken  by  this  indicator  from  locomotive  engines 
at  high  speeds,  are  very  steady,  and  apparently 
very  accurate  (tig.  353,  jMige  370). 


CHAPTER  VI. 

SALINOMETERS. 

Sea-water  in  the  ocean  contains  a  certain 
quantity  of  salt,  in  the  proportion  of  1  lb.  of 
salt  to  32  lb.  or  33  lb.  of  water  ;  and  as  all  the 
water  evaporated  is  fresh,  all  the  salt  is  left  in 
tho  boiler,  which  would  cause  its  destruction  if 
not  removed.  This  is  done  by  blowing  out,  at 
intervals,  a  portion  of  the  partly  satumtcd 
water  from  the  boiler.  Scale  is  not  formed  in  a 
boiler  until  the  water  has  reached  a  certain 
degree  of  saltness,  and  if  it  is  kept  below  that 
point  the  boiler  will  be  kept  clean,  but  if  allowed 
to  get  above,  incrustation  takes  place  and  con- 
tinues as  long  as  it  is  above.  Hence  the  neces- 
sity of  keeping  the  water  in  the  boiler  at  a 
proper  and  uniform  degree  of  saltness,  resulting 
in  a  saving  of  fuel,  as  well  as  a  saving  of  the 
boiler. 

In  most  steamers  a  much  greater  quantity  of 
hot  water  is  blown  off  than  is  necessary,  and  even 
then  the  boilers  are  not  kept  clean,  because  it  is 
not  always  blown  at  the  proper  time.  Large 
quantities  of  hot  water  are  often  blown  off  when 
not  necessary,  and  at  other  times  when  water 
ought  to  be  blown  off  it  is  not  done,  except  there 
Ik>  means  for  ascertaining  wheu  it  is  necessary, 
or  how  much  is  required  to  be  blown  off.  The 
salinomcter  is  simple  in  its  construction,  and 
certain  in  its  action  ;  and  indicates  at  all  times 
the  exact  degree  of  saltness  of  the  water  in  the 
boiler.  Thus,  the  quantity  of  water  necessary 
to  be  blown  off  can  be  regulated  with  certainty, 
and  reduced  to  the  smallest  amount  for  the 
safety  of  the  boiler  and  for  economy  of  fuel. 

Mr.  M.  A.  Soul  exhibited  Lonys  salinomcter. 
Tho  ordinary  salinnmeter-case  consists  simply  of 
a  tube  communicating  with  the  boiler,  "and 

•  For  an  account  of  these  indicators  and  thfiir  per- 
formances, with  locomotivo  engines,  aeo  "  Railway 
Machinery,"  page  03. 
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containing  the  hydrometer,  the  communication 
with  the  Isnler  being  mode  hy  means  of  a  jujm; 
which  pMPCB  from  the  bottom  of  the  case  to 


Pio.  333 


Ls  connected  with  the  boiler  by  means  of  a  pipe, 
whicli  passes  from  below  the  water-line  of  tlx 
boiler,  through  the  bottom,  nnd  along  the  axi- 
of  the  supply-tube  to  a  point 
near  its  top,  where  it  open> 
into  the  supply-tulie  by  menu* 
of  a  number  of  vertical  slits 
The  main  tube  in  which  uV 
hydrometer  floats  is  not  eon- 
nected  with  the  boiler,  t«: 


Hu  n  wins'*  Indicator,  by  Mr.  C.  T.  Porter,  New  York  (now  of  Mitncheeter). 


t>elow  the  lowest  water-level  of  the  boiler,  and 
provided  with  a  stopcock,  which,  when  turned, 
permits  the  pressure  of  steam  in  the  l>oiler  to 
force  the  water  up  in  the  cast*,  and  float  the 
hydrometer.  But  the  ebullition  in  the  case, 
produced  by  the  escape  of  steam  under  a  reduced 
pressure,  throws  a  great  deal  of  hot  water  out  of 
the  instrument,  and  subjects  the  observer  to  the 
danger  of  being  scalded,  and  at  the  same  time 
causes  Buch  violent  oscillations  as  to  risk  (be 
safety  of  the  hydrometer,  and  prevent  its  being 
read  until  the  stopcock  is  closed,  when  very 
frequently  there  will  not  be  found  enough  water 
in  the  instrument  to  float  the  hydrometer.  The 
improvement  of  Mr.  Long  consists  in  adding  to 
the  ordinary  Balinomcter-Ciise  another  tube  con- 
nected with  it  at  the  bottom.    This  supply-tube 


Loxo'k  Mabixt  Salixokith,  br 
Mr.  M.  A.  Soul,  London. 


has  a  waste-pipe,  by  which  any 
t'sca]>e  of  water  may  be  carrie-l 
off,  and  proper  supports  for  a 
thermometer.  VV  hen  by  turn 
ing  the  stop-cock  the  water  i> 
forced  from  the  boiler  into  ttV 
supply-tube,  it  is  thrown,  not 
upwards,  but  against  the  side 
of  the  tube,  owing  to  the  mode 
of  its  escape.  The  steam  which  accompanies  it 
Ls  separated,  and  escaj>es  through  openings  in  the 
cover,  and  the  water  falling  to  the  bottom  passes 
through  the  tube  of  communication,  nnd  rises  to 
the  same  level  in  the  sidinometer-tube,  in  which 
the  hydrometer  floats  tranquilly,  and  may,  there- 
fore, be  read  speedily  and  accurately.  By  mean.-, 
of  the  waste-pipe,  a  current  may  be  kept  passiaf 
through  the  instrument,  which  is  thus  alwsy- 
in  action,  and  may  be  read  by  the  engineer  at  a 
glance  as  he  passes  it  in  the  performance  of  hi* 
other  duties  (fig.  354). 

Messrs.  Frieake  &■  Gathercole,  London,  pxn' 
bited  Hoxoh  galinotneter  —  a  simplification  <* 
Long's  apparatus, — consisting  of  a  single  cylinder, 
into  which  the  water  is  Admitted  from  below, 
regulated   by  a  cock.     By  an  overflow-pi|*, 
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the  surplus  water  is  carried  off.  Inside  is  placed 
a  thermometer  to  show  the  temperature  of  the 
water  there  ;  also,  a  hydrometer  fWting  in  the 
water,  at  a  height  corresponding  to  its  density 
or  saltncss  (figs.  335). 

Kios.  355. 


How's  gwromWM,  I'y  Mews,  t'liemkr  fi  Gatliereolo,  Lnmlon. 


CHAPTER  VII. 

STEAM-ENGINE  GOVERNORS. 

The  first  governor  for  regulating  the  speed  of 
steam-engines  was  invented  by  James  Watt, 
who  patented  it  in  1784.  It  was  the  two-ball 
governor,  still  employed  for  the  purpose  in  land 
engines,  notwithstanding  many  attempts  to 
supersede  it.  For  practical  purjxjses,  the  ball 
governor,  rightly  adapted,  is  generally  sufficient, 
and  hence  its  universal  application  to  stationary 
engines. 

In  the  application  of  governors  to  marine 
engines,  two- ball  governors,  variously  arranged 
with  horizontal  spindles,  were  tried,  in  which 
the  action  of  a  spiral  spring  was  substituted  for 
the  force  of  gravity ;  but  they  were  found  de- 
fective, as  the  pendulous  motion  of  the  balls, 
with  the  movements  of  the  vessel,  deranged  their 
functions  and  destroyed  their  action.  This  de- 
fect arose  from  the  want  of  balance  in  the 
governor  itself,  to  preserve  it  unaffected  by  the 
motion  of  the  ship.  The  first  balanced  governor 
was  invented  by  Mr.  Silver,  of  New  York.  It 
had  a  single  straight  arm  with  a  lmll  at  each 
end,  and  connected  to  the  spindle  by  the  centre 
of  its  length.  When  at  rest,  the  spring  lays  the 
arm  alongside  the  spindle ;  when  in  motion,  the 
centrifugal  force  drives  out  the  balls  in  counter- 
action to  the  spring,  and  action  follows  upon 


the  throttlo-valve.    But,  inasmuch  as  the  rolling 
or  pitching  of  the  vessel  alters  the  ]>osition  of 
the  spindle  with  resj>ect  to  the  balls  which  tend 
to  revolve  in  the  same  plane,  and  thus,  by  an 
inverse  action,  to  afFect  the  throttle-valve,  with- 
out any  relation  to  the  speed  of  the  engine, 
this  defect  was  remedied  by  the  addition  of 
another  arm  and  pair  of  bulla  to  cross  the  first 
one,  constituting  a  four-lwll  governor.  But 
another  difficulty  was  experienced :  when  the 
racing  of  the  engines  commenced  abruptly,  the 
balls,  resisting  the  sudden  start,  broke  the  gear- 
ing or  slipped  the  Wit,  in  either  case  failing  to 
act  with  the  necessary  promptitude.    In  a  more 
recent  instrument — the  fly-wheel  governor — this 
difficulty  also  has  been  overcome  by  Mr.  Silver. 
The  balls  are  replaced  by  a  fly-wheel  turning 
loosely  on  the  spindle  within  limits,  the  inertia 
of  which  resists  sudden  changes  of  sjteed,  and 
allows  the  spindle  to  turn  in  advance  of  the  main 
or  heavy  portion  of  the  instrument ;  by  the  con- 
nection of  the  fly-wheel  with  the  throttle-valve,  it 
closes  the  valve.  The  inertia  of  the  fly-wheel,  op- 
posing resistance  to  the  sudden  start  of  the  engine, 
is  the  direct  cause  of  action.    Motion  is  given  to 
the  fly-wheel  by  means  of  a  spring  connected  to 
two  toothed  quadrants  hung  on  pivots  fixed  to 
the  spindle,  and  gearing  with  a  small  bevel-wheel 
fixed  on  the  nave  of  the  fly-wheel.    Thus,  any 
sudden  start  of  the  engine  acts  instantaneous!  v 
on  the  valve,  and  shuts  it,  at  the  same  time  that 
all  the  force  of  the  sudden  jerk  is  taken  up  by  t  he 
spring,  and  thus  the  breaking  of  gearing  und  slip- 
ping of  tht!  belt  is  entirely  obviated  in  this  intiu 
ment  The  spring,  being  thus  loaded,  discharges  its 
tension,  communicated  partly  to  the  fly-wheel,  by 
endeavouring  to  increase  its  velocity,  and  partly 
in  reojx'ning  the  valve.  To  limit  the  speed  of  the 
fly-wheel,  as  it  would  otherwise  run  anyhow, 
and  lose  its  power  as  a  regulator,  four  fan-blades 
are  attached  to  the  anus  of  the  wheel,  which, 
increasing  in  their  resistance  to  the  air,  in  the 
ratio  of  the  square  of  the  velocity,  put  the 
spring  in  tension,  when  the  fly-wheel  attempts 
to  exceed  its  normal  sjtecd,  and  close  the  valve. 

The  difference  between  the  action  of  the  fly- 
wheel governor  and  that  of  the  four-ball  gover- 
nor Is,  that  the  latter  regulates  the  throttle- 
valve  directly,  according  to  the  centrifugal  force  • 
whereas  the  former  does  it  indirectly,  but  never- 
theless more  promptly,  by  limiting  the  sj>eed  of 
the  fly-wheel  by  means  of  the  fans. 

Mr.  J.  Basire,  London,  exhibited  a  model  of 
Miller's  marine  governor.  It  consists  of  a  fly- 
wheel, to  which  is  attached  one-half  of  a  cylin- 
drical boss :  the  other  half  of  this  boss,  which 
also  forms  the  sliding-sleeve,  is  allowed  to  move 
longitudinally  on  the  spindle,  but  follows  its 
rotating  motion  ;  whereas  the  fly-wheel,  with 
the  first  half  of  the  boss,  is  loose  on  the  spindle. 
The  boss  is  cut  in  two  halves,  at  an  angle  of 
about  GO  degrees  to  the  direction  of  the  spindle. 
The  fork-lever,  which  is  worked  by  the  sliding- 
sleeve,  for  the  purpose  of  owning  and  shutting 
2  B  2 
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the  throttle-valve,  is  provided  with  a  weight  or 
spring,  intended  to  force  the  one  half  of  the  boss 
up  against  the  other  half  attached  to  the  fly- 
wheel, so  as  to  replace  it  in  its  first  position, 
when  pushed  bsick  by  the  action  of  the  governor. 
As  the  fly-wheel  resists  by  its  inertia  any  stulden 
change  of  motion,  the  one  half  of  the  boss  will 
be  forced  back  by  the  other  half  attached  to  the 
fly-wheel,  and  thereby  cause  the  valve  to  be 
shut  ;  it  is  afterwards  opened  again  by  the 
weight  or  spring.  Thus  is  the  case  when  any 
sudden  starts  occur  ;  but  when  the  increase  of 
speed  is  gradual,  the  weight  or  spring  on  the 
fork-lever  will  press  those  two  slanting  surfaces  of 
the  boss  together,  in  frictional  contact,  and  thus 
may  fail  to  shut  the  valve.  Moreover,  the  pitch- 
ing of  a  ship  will  often  interfere  with  the  force 
of  gravity  of  the  weight,  and  thus  open  the  valve 
when  it  ought  to  be  shut,  and  vice  versd.  In 
this  governor  there  is  not  any  counterbalance 
to  the  momentum  of  the  fly-wheel,  and  the 
regulating  power  of  the  instrument  is  greatly 
impaired  by  being  at  times  allowed  to  run 
away. 

Mr.  M.  A.  Soid,  London,  exhibited  a  model 


Fio.  35«. 


M sun-ox's  Mibixi  Oovmjioi,  by  Mr.  XI.  A.  Soul,  London, 


of  Meritona  marine  governor.  It  consists  of  a 
fly-wheel,  to  which  is  attached  a  small  cylin- 
drical bass,  with  two  spiral  grooves  cut  one  in 
each  side  ;  and  in  these  grooves  xvork  two  studs 
fixed  on  one  end  of  the  sliding-sleeve,  which 
follows  the  movement  of  the  spindle,  driven,  jus 
usually,  by  a  band  from  the  screw-shaft.  As 
the  fly-wheel  is  allowed  to  turn  loose  on  the 
spindle,  so  as  to  act  by  its  inertia,  any  sudden 
start  of  the  engine  will  immediately  shut  the 
valve,  and  thereby  cany  the  studs  to  the  farthest 
end  of  the  groove.  When  once  arrived  there, 
some  contrivance  is  required  to  replace  them  in 
their  first  position,  and  thereby  open  the  valve 
again.  In  this  governor  the  valves  must  be  re- 
ojiened  by  hand  (fig.  35G). 

M.  Taurines,  Paris,  exhibited  a  draxving  of  a 
dynamometer,  for   which   he  claims  also  the 


property  of  acting  as  an  instantaneous  regulator 
for  all  kinds  of  engines — land,  screw,  and 
paddle.  A  fly-wheel  with  a  double  rim — an 
outer  and  an  inner — is  placed  loosely  upin  a 
spindle  in  connection  with  the  engine,  being 
to  a  certain  extent  free  to  rotate.  The  inner 
rim  is  connected  by  means  of  segmental  springs 
and  rods  to  a  disc  attached  to  a  carriage  con- 
nected to  the  lever  of  the  throttle-valve.  When 
the  speed  of  the  spindle  is  increased,  the  fly- 
wheel, resisting  the  change  of  speed,  extends 
the  springs,  which  move  the  carriage  «)  jw  to 
close  the  valve  ;  whereupon  the  speed  of  the 
engine  falls,  the  springs  revert  to  their  first 
position,  and  the  valve  is  reoj>ened.  This 
governor  is  bulky,  and  it  would  lie  very  difficult 
in  most  marine-engine  rooms  to  find  space  for  it. 

MM.  Albaret  «fc  Co.,  Liancourt  (Oise),  ex- 
hibited a  governor,  having  a  fly-wheel  with  a 
heavy  iron  ring,  swivelled  by  its  centre  upon  an 
upright  spindle.  At  the  regular  speed,  the  ring 
is  retained  in  an  oblique  position  ;  when  the 
sj)eed  rises,  the  ring  leaves  its  oblique  potation, 
and  approaches  a  horizontal  ]K>sition  at  right 
angles  to  the  Bpindle,  and  by  suitable  con- 
nections closes  the  valve. 

MM.  Farcot  <Jt  Sons,  Paris,  exhibited 
a  two-ball  governor,  with  crottnetl  arms,  u|»on 
their  steam-engine.    The   arms,  crossing 
each  other  through  the  spindle,  below  tin- 
points  of  suspension,  are  hung  from  the 
opjKJsite  sides  of  the  spindle  ;    and  the 
vertical  height  of  the  conical  pendulum 
remains  nearly  constant  for  different  speeds 
of  the  balls,  inasmuch  as  the  point  of  inter- 
section of  the  crossed  arms,  being  the  apex 
of  the  cone  of  revolution,  ascends  at  the 
same  rate  as  the  plane  of  revolution  of  the 
balls  when  the  sjieed  is  increased.  Thus 
the  governor-balls  will  remain  nearly  in 
equilibrium,  in  every  angular  position,  at 
the  speed  for  which  the  apparatus  is  ad 
justed.    The  height  of  the  pendulum  being, 
however,  a  little  shorter  when  the  balls  are 
in  their  extreme  tiositions  than  when  in  their 
midway  |)ositions,  a  dead  weight  or  counter- 
poise is  added,  acting  with  a  variable  lever- 
age, of  which  the  angle  varies  as  the  squares 
of  the  velocities  due  to  the  heights   of  the 
pendulum,  compared  with  the  square   of  the 
given  velocity  of  the  pendulum — the  centrifugal 
force   increasing  also   as   the  square   of  the 
velocity.  The  sjhmmI  of  the  regulator  is  variously 
adjusted,  as  required,  by  an  adjustment  of  th<- 
counterpoise  on  the  lever.    This  is  a  facility 
j>eculiar  to  the  crossed  governor.    As  the  arms 
are  crossed,  they  revolve  on  both  sides  of  the  axis 
of  rotation,  or  centre  line  of  the  spindle,  though 
of  course  greatly  preponderating  on  the  side  of 
the  ball  on  each  arm  ;  still  the  opposed  sections 
of  each  arm  vary  a  little  with  the  spread  of  the 
arms,  as  the  greater  the  spread  the  greater  also 
is  the  jtortion  of  the  arm  that  revolves  on  th«- 
side  of  the  ball,  and  the  less  is  the  smaller 
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portion  on  the  opj>osite  side.  This  disturbing 
element,  though  apparently  minute,  causes  the 
centrifugal  force  slightly  to  increase  with  the 
spread,  and  is  important  enough,  in  the  judg- 
ment of  the  exhibitors,  to  require  the  applica- 
tion of  a  spiral  spring  on  the  spindle,  which  is 
compressed  in  proportion  as  the  balls  ascend, 
and  neutralises,  by  its  increasing  tension,  the 
augmentation  of  the  centrifugal  force.  The 
spring,  they  note,  Ls  useful  also  to  neutralise  the 
effects  of  inertia  M.  Tresca  has  rej>orted  very 
fully  and  favourably  upon  this  governor.* 


Mr.  C.  T.  Porter,  New  York,  exhibited  two 
governors,  for  stationary  and  for  marine  engine*. 
1.  The  stationary  governor  was  employed  on  the 
stationary  engine  exhibited  by  Mr.  Porter,  to 
regulate  the  speed  by  acting  upon  the  expansion- 
gear.  The  balls  are  very  small,  swing  from  a 
single  joint,  and  revolve  very  fast,  making  from 
300  to  350  revolutions  j>er  minute,  with  Buthcicnt 
centrifugal  force  to  enable  them  to  sustain  a 
"  counterpoise"  or  sliding- weight  fifteen  to 
twenty  times  as  heavy  as  the  balls  themselves. 
The  counterpoise  forms  a  part  of  the  slido  or 


FlOd.  S57. 


Himt  Govbivor,  by  Mr.  C.  T.  rjrter,  Nf w  TorV. 


sleeve,  and  is  linked  to  the  balls  by  rods  of  the 
same  length  as  the  arms  of  the  governor,  form- 
ing, with  the  arms,  a  parallelogram.  By  this 
iirmngement,  the  counterpoise  has  twice  the 
vertical  range  of  the  balls,  and  Mr.  Porter  con- 

*  "  Rapport  sar  lo  Modernteur  h  bras  croiVn,  do  MM. 
Furcot  et  FiIb,"  addressed  to  tho  "  Sociutc  d'Encouragc- 
xnent  poor  1' Industrie  Nationule,"  1861. 


aiders  that  he  materially  reduces  the  friction  on 
the  various  working  joints— the  principal  cause 
of  sluggishness  of  action  in  various  ordinary 
governors, — and  so  increases  the  sensibility  and 
promptness  of  action  of  the  apparatus,  and 
therefore  improves  the  steadiness  of  the  spied, 
tending  to  obviate  the  alternate  variations  of 
speed  to  which  engines  under  common  governors 
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are  subject  He  conceives  that  he  reduces  the 
frictional  resistance  to  the  action  of  the  joints 
by  this  disposition  of  the  revolving  masses, — the 
greater  portion  of  which  is  located  near  to  the 
axis  of  revolution,  in  virtue  of  which  the  centre 
of  gyration  is  not  more  than  two  inches  from 
the;  axis;  whilst  the  joint  -pin  from  which  they  ' 
are  sus^nded  is  six  inches  long,  measured  dia- 
metrically aci-oss  the  spindle,  presenting  a  lever- 
age of  3  inches  each  way,  for  the  action  of  the 
vertical  spindle  ujion  the  bulls,  in  accelerating 
or  retarding  their  velocity.  The  long  joint-pin, 
which  prevents  any  wedging  or  binding  action 
at  the  joints,  arising  from  the  lateral  strain  need- 
fully exerted  in  retarding  or  accelerating  the  i 
balls,  is  probably  the  chief  novel  clement  of  im- 
jwirtance  in  the  governor;  and  there  is  no  doubt 
that  the  governor  acted  promptly  and  efficiently. 

2.  The  marine  governor  is  like  a  common  tw«>- 
ball  governor  placed  horizontally,  with  a  helical 
spring  on  the  spindle  to  act  upon  the  balls,  in 
substitution  for  the  action  of  gravity.  The 
governor  mak<»<  from  300  to  500  revolutions  per 
minute  ;  and  for  readily  changing  the  speed  of 
the  engine,  conical  pulleys  are  applied,  upon 
which  the  driving-band  may  be  shifted.  The 
peculiarity  of  this  governor  consists  in  the  nearly 
exact  equilibrium  that  sulwists  between  the  re- 
sistance to  compression  of  the  spring  and  the 
centrifugal  force  of  tho  balls  at  varying  sjhmhIs — 
each  increasing  or  diminishing  as  the  other, — 
so  that,  at  the  regulated  speed  of  the  engine,  the 
balls  revolve  almost  indifferently  in  any  circle  of 
revolution,  and  a  high  degree  of  sensibility  is 
attained.  An  increase  of  from  2  to  3  per  cent, 
in  the  spc<d  is  sufficient  to  cause  the  play  of  the 
balls  from  one  extreme  to  tho  other  of  their  ■ 
range,  and  so  to  entirely  command  the  throttle- 
valve.  In  the  adjustment  of  the  governor,  the  i 
spring  is  previously  compressed  just  so  much 
that  its  action  only  commences  when  the  engine 
has  got  up  to  its  proper  speed  (figs.  357,  page 
373). 

Remarks. — It  is  to  be  observed  that  Miller's  | 
and  Meriton's  governors  do   not   possess   the  i 
qualifications   of  a   complete  regulator.      In  j 
Meriton's,  nothing  is  provided  for  reopening 
tho  valve  after  having    been   closed   by  the 
inertia  of  the  fly-wheel ;  this  must  be  done  by  \ 
hand.     In  Miller's,  a  spring  or  a  weight  is 
provided  for  that  purpose ;  but  it  acts  with  a 
great  deal  of  friction  between  the  obliquo  acting 
surfaces,  when  strong  enough  to   reopen  the 
valve  promptly.    In  neither  of  them  is  there 
any  provision  for  balancing  the  momentum  of 
the  fly-wheel,  like  the  vanes  of  Silver's  governor, 
by  the  aid  of  which  tlris  governor  am  l*e  made 
to  regulate  the  s|>ced  of  the  engine  within  a 
certain  number  of  revolutions  per  minute. 

As  the  benefits  of  the  application  of  an 
efficient  marine  governor  ax*e  but  imjierfectly 
understood  or  acknowledged,  it  may  be  useful  ; 
to  direct  attention,  in  the  first  place,  to  the  j 


advantage  of  allowing  the  engineer,  in  a  gale  of 
wind  and  a  rough  sea,  to  attend  pro|>erly  to  the 
working  of  the  engines — which  he  must  neces- 
sarily neglect  if  he  is  obliged  to  stand  bv  tht 
throttle- valve — without  being  able  to  move 
from  his  post,  when  he  might  otherwise  caa^ 
a  breakdown ;  and,  though  he  may  do  his  best, 
it  is  inqiossiblc  for  him  to  shut  off  and  ojien  the 
valve  so  promptly  as  it  Is  done  by  the  governor. 
The  next  point  is  the  utter  impossibility  for  the 
engines  to  race  when  the  screw  or  the  paddles  get 
out  of  the  water.  At  these  times  the  engine 
properly  governed  do  not  exceed  their  usual 
number  of  revolutions  by  more  than  one  or  two 
per  minute.  The  saving  by  preventing  racing  tt 
acquired  in  different  ways  ;  during  the  racing  of 
the  engines  the  parts  are  often  so  overstrained 
that  they  break  down,  and  the  wear  and  tear  is 
excessive.  The  saving  of  steam  also  is  con- 
siderable, sometimes  about  10  jht  cent,  in  a 
heavy  gale  :  all  the  revolutions  made  while  the 
engines  are  racing  and  the  screw  out  of  water 
merely  waste  the  steam  without  propelling  the 
ship.  The  saving  of  time  has,  in  some  instances, 
amounted  to  a  couple  of  days  in  a  ten  or  eleven 
days'  voyage. 


CHAPTER  VIII. 

SUNDRY  PIECES. 

Mr.  J.  W,  Hackworth,  Darlington,  exhibited 
his  dynamic  valve-gear,  in  which  the  slide-valve 
is  worked  by  an  exoentric,  for  the  forward  and 
the  backward  motion.  The  chief  object  is  to 
open  the  valve  quickly  for  the  admission  of 
steam  ;  and  Mr.  Hackworth  considers  fan 
motion  more  nearly  fulfils  the  condition  of 
mathematicid  accuracy  than  the  link  motion. 

Messrs.  J.  H.  Tuck  «fc  Co.,  London,  exhibited 
elastic  core  packing  for  steam-engines,  designed 


to  obviate  the  objection  of  frequent  removal 
required  for  hemp  packing.    It  consists  of  a  roll 
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of  canvas  prepared  with  india-rubber,  with  an 
elastic  core.  The  roll  is  cut  and  bent  into  rings, 
and  placed  in  the  stuffing-box,  which  is  fitted 
with  a  conical  seat,  upon  which  the  lacking  is 
pressed  by  the  gland,  and  is  forced  to  embrace 
the  rod  (tigs.  358). 

Mr.  F.  Ransome  exhibited  a  concrete  stone 
foundation,  manufactured  for  one  of  the  hori- 
zontal steam-engines  exhibited  by  Messrs.  Ran- 
sonies  &  Sims  in  the  Western  Annex.  The  block, 
in  one  piece,  weighed  2  tons.  The  concrete 
stone  is  composed  of  mineial  fragments  of  any 
kind — shihI,  limestone,  clay, — mixed  into  a 
paste  with  fluid  silicate  of  soda  (obtained  by 
digesting  flints  in  a  steam  boiler  under  high 
pressure  in  alkali),  ami  afterwards  dipped  into  a 
solution  of  chloride  of  calcium.  The  pasty  mass 
almost  immediately  hardens,  a  double  decom- 
position of  the  two  solutions — the  silicate  and 
the  chloride — immediately  taking  place.  The 
silica  combines  with  the  calcium,  and  forms  an 
insoluble  silicate  of  lime,  firmly  enveloping  and 
cementing  together  all  the  particles  of  sand, 
chalk,  or  other  mineral  of  which  the  stone  is 
composed,  whilst  the  chlorine  combines  with 
the  soda,  and  forms  chloride  of  sodium  or 
common  salt,  which  is  easily  removed  by  sub- 
sequent washing.  A  bar  of  this  stone,  4  inches 
square,  was  placed  uj>on  bearings  1G  inches 
apart,  and  was  reported  by  Professor  Ansted  to 
"  a  loud  at  the  centre  of  2,122  lb. ; 


whilst  a  bar  of  Portland  stone,  of  the  same  size, 
broke  with  759A  lb.  at  the  centre.  A  4-inch 
cube  of  concrete  stone  sustained  a  weight  of 
30  tons  l>efore  it  was  crushed.  The  sjiccific 
gravity  of  the  stone  varies  considerably ;  that  of 
the  finest  material  averages  2,500,  measuring 
ftlwmt  15  cubic  feet  to  the  ton. 

Messrs.  J.  Ferral>ee  «fc  Co.  (now  the  Phoenix 
Iron  Works  Company),  Stroud,  Gloucestershire, 
exhibited  an  adjusting  ajxtniier.  The  upper  jaw 
of  this  spanner  is  formed  with  the  bar  extending 
the  whole  length  of  the  stumer.  The  movable 
jaw,  which  slides  on  the  bars  of  the  upper  one, 
has  fixed  to  it  on  each  side  a  metal  rod,  flat  on 
one  side,  circular  on  the  other.    These  rods  are 

Fio.  350. 
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screw-threaded  at  their  ends,  and  they  pass  into 
a  hollow  handle,  which  is  also  screw-threaded 
inside,  and  is  retained  in  its  place  by  a  collar 
screwed  on  the  end  of  the  l»ir  of  the  upper  jaw. 
They  are  quick  and  certain  in  action,  light,  and 
handy  (fig.  35U). 


SECTION  IV. 
HYDKAULIC  MACHINERY. 


CHAPTER  I. 


1XTKODCCTION. 


As  in  1851,  so  in  1862,  the  hydraulic  ma- 
chinery attracted  a  considerable  degree  of  atten- 
tion, and  excited  a  considerable  amount  of 
discussion,  with  a  considerable  difference  of 
opinion.  In  1851,  the  jury  upon  hydraulic 
macliines,  in  their  report,  entered  with  some 
degree  of  minuteness  into  the  conditions  to  be 
observed  in  the  forms  and  proportions  of  such 
machines,  in  order  to  realize  the  greatest  degree 
of  efficiency ;  and  they  had  occasion  to  remark 
that,  "  in  reporting  on  the  hydraulic  machines 
exhibited,  it  was  impossible  to  refrain  from 
adverting  to  the  general  neglect  of  those  ele- 
mentary principles  of  scientific  knowledge  on 
which  the  perfection  of  such  machines  always  j 
depends,  and,  in  some  causes,  their  whole  useful-  j 
ncss,  in  an  economical  point  of  view."  *  "Of 

•  The  Jury  referred  to  a  fact  not  without  interest  in 
the  lostorv  of  tho  invention,  and  strikingly  illustrative) 
of  tho  importance  of  other  views  of  tho  principles  of 


all  expedients,"  they  add,  "  for  the  economical 
application  of  water-power,  it  is  a  principle  that, 
as  far  as  it  may  be  j>ossible,  the  water  should  be 
received  on  the  machine  without  shock,  and 
that  it  shoidd  leave  it  without  velocity."  Of 

mechanics  than  were  common  among  constructors  in 
1851,  that  tho  curved  form  of  vanes  [adopted  in  somo  of 
tho  American  pumps]  appeared  to  havo  been  discarded 
for  straight  ones.  Such  inverted  practice  was  supported 
by  arguments  like  tho  following,  quoted  from  tho  pro- 
spectus of  tho  inventor  of  a  centrifugal  pump  exhibited 
in  1851 

"  In  attempting  to  construct  a  centrifugal  pump,  a 
very  largo  number  of  inventors  havo  exhuustcd  their 
skill  in  making  arrangements  of  spiral  or  curved  arms 
on  an  axle,  or  in  endeavours  to  find  the  supposed  angle 
or  curve,  with  the  diameter,  which  tho  fluid  would 
make  in  passing  ofl*,  being  in  utter  ignorance  of  the 
fact,  that  in  obedience  to  tho  law  of  central  forces,  tho 
escaping  fluid  takes  tho  shortest  lino  to  reach  the  cir- 
cumferenco  ;  or,  in  other  words,  that  each  particle  of 
matter  in  a  state  of  rotation,  when  free  to  escape,  moves 
directly  in  the  line  of  the  radius  until  it  reaches  the 
circumference,  and  thence  follow*  th*  tan<jent-line,  until 
influenced  by  gravity  or  some  other  disturbing  force!" 

Indeed,  in  our  own  day,  in  The  Engineer  newspaper  of 
December  4,  lWitf,  it  has  boon  actually  supposed  that 
"  tho  proper  outward  motion  of  the  water  should  bo 
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the  work  done  by  the  motive  power  to  drive 
lifting  and  forcing  pumps,  M.  Morin,  in  1850, 
found  that  only  4.1  per  cent,  in  the  best,  and  18 
per  cent,  in  the  worst,  pumps  was  found  to  l>e 
yielded,  when  the  weight  of  water  actually 
raised  is  multiplied  by  the  height  to  which  it  is 
raised.  In  centrifugal  punqts,  as  in  turbines, 
the  greatest  efficiency  is  derived  from  the  use  of 
curved  blades, — that  is  to  say,  with  vanes 
curved  Iwickwords,  with  resj)ect  to  the  motion 
of  the  wheel,  so  as  to  have  nearly  the  direction 
of  a  tangent  to  the  circumference  of  the  wheel 
at  the  i>oint  where  they  intersect  it,  so  that  the 
Telocity  of  the  water  over  the  vane  in  one 
direction  may  be  equal  to  that  with  which  the 
vane  itself  Is  moving  in  the  contrary  direction. 
In  proportion  as  these  contrary  motions  become 
equal,  the  water  leaves  the  machine  without 
tangential  velocity. 

The  centrifugal  pumps  exhibited  in  1851 
contained  examples  of  straight  and  of  curved 
blades,  of  which  Mr.  J.  G.  Appold  exhibited  his 
well-known  pump  with  curved  blades.  Mr. 
J.  S.  Gwynne,  of  New  York,  exhibited  a  pump 
with  straight  radial  parallel  channels  ;  and  Mr. 
H.  Bessemer  exhibited  a  pump  with  radial 
arms  and  conical  sides.  These  pumps  were 
submitted  to  experiment  by  the  jury,  when  the 
power  expended  was  measured  by  a  dynamo- 
meter, from  which  the  pump-shaft  was  driven 
by  a  belt.  The  following  remarkable  results 
were  obtained  : — 


Pro, 

Gibatmt  ErricisxcT, 
in  term*  of  the  power 
actually  applied  to  the 

Mr.  Appold's,  with  curved  \ 

arms   / 

Do.    with  straight  arms,  1 
inclined  at  45*  ...J 
Do.    with  radial  arms  ... 
Mr.  Besscmcr's,  with  radial") 
arms  and  conical  sides  ...  f 
Mr.  Gwyuno's,  with  straight  \ 
parallel  radial  channels  ...  J 

Per  cent. 
68 

43 
24 
22 

19 

From  which  it  Is  apparent  that  the  curved 
blade  was  superior  in  efficiency  to  the  straight 
blade  in  any  of  its  forms.  Mr.  O Wynne's  pump 
yielded  only  19  per  cent,  of  the  power  applied 
to  it;  he,  nevertheless,  asserted  that  it  was 
capable  of  doing  a  duty  equal  to  90  jier  cent,  of 
the  driving  power.* 

In  1862,  the  pumps  of  Mr.  Appold  and  Mr. 
Gwynne  have  again  been  exhibited  respectively 
by  Messrs.  Easton,  Amos,  <fe  Sons,  London,  and 
Messrs.  Gwynne  <fc  Co.,  London.  The  Author 
made  several  observations  and  ex|>eriments  ujxin 
these  punqw  whilst  at  work  in  the  Western 

generated  by  nearly  radial  arms,  falling  back  only 
near  the  periphery. 

•  See  Official  Descriptive  and  Illustrated  Catalogue  of 
the  Great  Exhibits,  1851,  vol.  iii.,  page  1441. 


j  Annex,  for  his  own  information,  and  for  the 
purpose,  in  addition,  of  finally  settling  and  dis- 
posing of  the  stale  question  of  curved  versm 
straight  blades.  The  results  of  these  investi- 
gations are  duly  detailed  in  the  following 
notices  of  those  machines.  They  were,  also, 
embodied  in  a  report  prepared  by  the  Author 
to  the  order  of  the  Admiralty,  through  Colonel 
Greene,  the  Director  of  Works.  They  point 
conclusively  to  the  su|>erior  efficiency  of  the 
curved  blades  as  originally  designed  by  Mr. 
Apjwld,  and  constructed  by  Messrs.  Easton, 
Amos,  <fc  Sons.  It  may  be  added  that  M.  II. 
Treaca,  sub-director  of  the  Conservatoire  des 
Arts  et  Metiers,  and  one  of  the  jury  on  u  Ma- 
chinery in  General,"  holds  similar  opinions  of 
the  relative  values  of  the  ApjHild  pump  and  that 
exhibited  by  Messrs.  Gwynne  <fe  Co.  **  Since 
1851,"  he  says,  "  the  Gwynne  pump  bns  been 
considerably  modified.  It  has  imitated  from 
the  Appold  punip  the  ])artial  curvature  now 
given  to  the  vanes  ;  and  from  cxj>erinicnts  we 
have  made  upon  the  Gwynne  pump,  we  believe 
that  the  imitation  has  not  been  carried  far 
enough,  and  that  the  Appold  pump  maintains 
its  superiority."  * 

The  centrifugal  pump  is  probably  the  best 
adapted  for  extensive  pumping  operations,  at  low 
and  moderate  lifts  of  less  than  20  feet.  For 
higher  lifts,  of  from  40  to  100  feet,  Murray's 
chain-pump,  exhibited  by  Mr.  Middle  ton,  ap- 
pears to  be  the  most  useful  machine.  It  is  in 
general  use  for  the  purposes  of  the  Main  Drain- 
age Works  at  present  in  progress  in  and  near 
the  metropolis. 


CHAPTER  II. 

CENTRIFUGAL  PUMPS. 

Messrs.  Easton,  Amos,  &  Sons,  London,  exhi- 
bited a  centrifugal  steam-pump  in  action,  driven 
by  a  j>air  of  condensing  engines,  collectively  of 
40  nominal  horse-power  (Plate  XXXVII).  In 
consequence  of  the  difficulty  ex|>erienced  in  low 
districts  of  obtaining  a  solid  foundation,  the  ex- 
hibitors devised  this  arrangement  of  steam-pumji. 
It  consists  of  an  Appold  pump  on  a  vertical 
spindle,  placed  in  a  case  or  tank  of  cast  iron,  on 
the  top  of  which  are  fixed  two  high-pressure  ex- 
pansivo  condensing  steam-engines,  giving  motion 
to  the  spindle  of  the  pump,  by  means  of  a  bevil- 
gcared  fly-wheel  working  into  a  pinion.  As 
arranged  for  exhibition,  the  water  was  raised  by 
a  pump  4  feet  7  inches  in  diameter  from  a  cast- 
iron  tank,  12  feet  deep,  partly  sunk  in  the 
ground,  containing  24,000  gallons,  with  a  lift 
of  about  G  feet  (which  is  found  to  be  the 
average  difference  of  level  of  most  drainages), 

•  Annalcs  da  Conservatoire  ImjiAi'al,  18C2-G3,  page 
C8G. 
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and  was  delivered  over  the  edge  of  an  upper  tank 
baek  into  the  lower  tank.  The  engines  were 
worked  expansively,  cutting  off  at  one-fourth  of 
the  stroke,  and  the  water  in  the  large  tank  was 
made  use  of  to  supply  the  condensers. 

The  two  cylinders  are  placed  upright,  and  are 
20  inches  in  diameter,  with  24  inches  stroke, 
connected  directly  to  the  crank-shaft ;  and  the 
condensers,  the  air-pump,  and  other  connections 
are  conveniently  dlsjiosed  and  worked  beside  the 
cylinders  (see  fig.  3  GO).    The  bevil-gear  is  in  the 

Fio.  380. 
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CRirtEiProiL  BriAH-Prifp,  by  Momra,  Kuton,  Aidoi,  3t  Bout, 
London.  ( PUn  of  Pump  ud  T»nk»,  (howing  the  current  i  of 
wnler.) 

ratio  of  about  2  4  to  1,  or  exactly  as  124  to  52, — 
the  pump  making  124  revolutions  for  52  revolu- 
tions of  the  enginea  The  water  was  raised  from 
the  lower  tank,  which  was  in  free  communication 
with  the  pump,  into  the  well,  10  feet  3  inches  in 
diameter,  immediately  above  and  surrounding 
the  pump,  whence  it  was  delivered,  through  an 
opening  at  A,  6  feet  wide,  into  the  upper  tank. 
The  upper  tank  was  built  in  the  form  of  a 
cross,  in  plan,  of  ordinary  tank-plates,  with 
flanges  2£  inches  broad  on  the  upper  edges,  and  it 
presented,  for  the  overflow,  seven  such  edges  or 
weirs,  «,  b,  r,  d,  e,f,g,  each  of  them  G  feet,  or  about 
6  feet,  in  lengtli,  presenting  an  aggregate  length 
of  weir  of  about  42  feet.  The  delivery  of  water 
from  the  well  took  place  in  the  direction  of  the  , 
lines  in  the  figure,  and  the  water  flowed  steadily 
and  unmixed  with  air,  with  an  uninterrupted  ap- 
proaching velocity,  over  the  edges  c,  d,  e,  and  also 
over  the  edges  b  and  f  for  more  than  half  their 
length.  Over  the  remainder  of  the  edges  6  and  fy 
the  water  fell  with  very  little  approaching  velo- 


city j  and  over  the  edges  a  and  g,  at  the  extreme 
right  and  left,  it  fell  without  any  approaching 
velocity,  having  practically  become  still  water. 
The  directions  of  the  currents,  as  they  were 
actually  observed,  are  indicated  on  the  figure. 

The  Author's  observations  on  this  steam-pump 
were  taken  at  various  times  in  September,  Octo- 
ber, and  November,  18G2.  They  were  directed, 
first,  for  the  purpose  of  determining  the  quantity 
of  water  delivered  over  the  weirs  in  a  given 
time,  as  well  as  the  height  through  which  the 
water  was  elevated  above  the  level  of  the  water 
in  the  lower  tank,  in  order  to  ascertain  the  duty, 
useful  work,  or  performance  of  the  pump ; 
secondly,  to  determine,  by  means  of  the  indi- 
cator, the  actual  power  exerted  by  the  engines 
to  work  the  pump,  in  order  to  obtain  a  measure 
of  efficiency. 

To  gauge  the  quantity  of  water  discharged 
from  the  upper  tank,  a  straight-edge  was  ap- 
plied to  the  surface  of  the  water  flowiug  over 
the  several  frontages  of  the  tank — not,  of  course, 
directly  over  the  edges  of  the  weirs,  but  nt  an 
interval  sufficiently  far  behind  them,  where  the 
water  was  level  or  nearly  level,  to  give  a  direct 
measure  of  the  depths  of  the  approaching  cur- 
rents above  the  levels  of  the  weirs.    To  gauge 
the  current  flowing  over  the  edge  d>  the  straight- 
edge was  applied  in  the  line  aa  ;  for  the  edges 
c'and  e,  in  the  line  BB ;  and  for  the  edges  a,  o, 
/,  </,  in  the  lines  cc  and  Dn.     The  straight- 
edge was  in  every  observation  caused  to  lie 
thoroughly  upon  the  water,  so  as  steadily,  to 
intercept  a  sensible  portion  of  the  current.  The 
head  of  water  over  the  pump,  at  the  well,  was 
observed  at  two  points,  A,  t,  behind  and  beforo 
the  pump-shafts.    It  was  found  to  bo  greater 
behind  the  shaft,  where  the  ascending  water  was 
partially  accumulated  ;  but  the  mean  of  the  two 
observations  has  been  adopted,  for  purposes  of 
calculation,  as  the  working  head, — the  head  at  the 
centre  of  the  well ; — though  it  remains,  never- 
theless, open  for  consideration,  whether  the  h«*ad 
observed  behind  the  shaft,  at  h,  could  not  more 
properly  be  adopted  as  the  working  head.  The 
following  are  the  results  of  observations  taken 
when  the  engines  made   ">2   revolutions  per 
minute,   and  the  wheel  124  revolutions  per 
minute :  — 

laches. 

Head  of  water  at  tho  well  nbovo  the  level  of 

tho  upper  edgo  of  tho  upper  tank    12  J 

Depth  of  tho  overflowing  current  where  it  is 
level,  or  nearly  bo,  near  tho  front  odgo  d  ...  11 
Do.        do.        near  tho  flank  edges  c 

andc   I0i 

Do.        do.        near  tho  flank  and  facing 

edges  a,b,f,g    8} 

Mr.  Neville's  table  of  discharges,  calculated 
from  the  formula  for  still  water, 

1>  =  4-7G*//*3, 

embodying  the  co-efticient  0*617,  was  employed 
in  the  calculation  of  the  discharge  at  the  several 
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overflows,  in  which  d  ia  the  quantity  of  water 
discharged  in  cubic  feet  per  minute,  I  the  length 
of  the  weir  in  feet,  and  h  the  height  of  the  still 
water  above  the  weir  in  inches.  Allowance 
has  been  made  for  the  effect  of  the  approach- 
ing velocity  of  the  water,  due  to  the  head, 
by  means  of  this  formula.*  The  interfer- 
ence of  the  internal  angles  of  the  weirs  with  the 
currents,  is  assumed  to  be  compensated  by  tlutt 
of  the  external  angles.  To  find  the  discharge 
over  the  front  edge  d,  that  due  to  the  head 
at  the  well,  12  A  inches,  wotdd  be,  by  the  for- 
mula, 210*504  cubic  feet  per  minute  per  foot 
run  of  the  edge ;  but  the  depth  of  current 
near  the  edge,  11  inches,  having  been  li  inches 
less  than  the  head  at  the  well,  the  dis- 
charge for  U  inches  of  water,  namely,  8  *7 53 
cubic  feet  per  minute  jier  foot  ran,  is  to  be  de- 
ducted from  that  due  to  12i  inches  of  still 
water,  and  the  remainder  Ls  the"  actual  discharge 
per  minute  per  foot  run  :  thus,  210-564— 8*753 
=  201-811  cubic  feet;  and  this  multiplied  by 
0*042  feet,  the  length  of  the  edge,  gives  a  dis- 
charge equal  to  1219  *3  cubic  feet  of  water  ]>er 
minute  over  tho  front  edge  d. 

Similarly,  for  the  two  flank  edges,  c  and  e, 
together  12-02  feet  long,  the  united  discharge  is 
found  to  have  been  2-309  cubic  feet  per  minute; 
and  for  the  two  near  halves  of  tho  facing 
edges  b  and  f,  together  0  feet  long,  the  united 
discharge  was  1034*09  cubic  feet  ]>er  minute. 
For  the  remaining  halves  of  the  facing  edges  b 
and /  together  with  the  flanking  edges  a  and  g, 
without  any  calculation  for  approaching  velocity, 
— in  all  18  feet  in  length, — the  discharge  was 
2 1 25  -3  cubic  feet  per  minute.  Making  a  total  dis- 
charge from  the  upper  tank  amounting  to  6748*3 
cubic  feet  or  187  J  tons  of  water  per  minute. 

The  height  from  the  level  of  the  water  in  the 
lower  tank,  according  to  a  glass  gauge,  to  the 
upper  edges  or  weirs  of  the  upper  tank,  was 
6  feet  Of  inch.  Adding  half  the  depths  of  the 
currents  near  the  different  edges,  as  measured,  the 
sums  represent  the  mean  useful  heights  to  which 
the  water  was  raised ;  and  the  heights  multi- 
plied by  the  respective  quantities  of  water  raised, 
represent  the  useful  work  done — the  maximum 
work  which  could  be  done  or  given  out  again 
by  the  water  raised,  in  falling  back  to  the  lower 
level.    The  average  mean  height  Is  found  by 

•  Tho  Author  here  acknowledges  the  courtesy  of  Mr. 
John  Noville,  C.E.,  tho  hydraulic  engineer,  who,  in 
company  with  tho  Author,  closely  observed  the  action 
of  tho  pumps  and  tho  flow  of  tho  discharged  water, 
and  who  advised  with  him  as  to  the  method  and  tho 
formula  for  calculating  tho  discharges.which  the  Author 
has  applied  to  tho  observations  made  upon  Messrs. 
Easton  &  Co.'s  pump,  and  also  to  thoso  made  upon 
Messrs.  Gwynnc  &  Go.'s  pump.  Mr.  Neville  has  written 
to  tho  Author  confirming  him  in  selecting  tho  formula 
for  tho  discharge  given  in  tho  text.  He  adds  s  "  I  have 
been  very  closely  engaged,  and  have  had  no  timo  to  do 
more  than  glanco  over  your  letter.  As  far  as  I  have 
observed,  in  doing  so  you  seem  to  be  quite  right.  .  .  . 
The  comparison  appears  just,  as  far  as  1  could  observe 
without  entering  into  tho  calculation." 


this  process  to  be  0*433  feet,  and,  the  weight  of 
a  cubic  foot  of  water  being  02*32  lb.,  the  useful 
work  done  by  tho  steam-punip  where  it  stixid, 
is  found  to  be  equal  to  82  horse-power ;  thus  : — 

G718-3  x  62-32  x  6-433+33,000  -=  82  horse-power. 

Simultaneously  with  the  observations  on  the 
water  discharged,  the  engine  being  steadily  at 
work,  indicator-diagrams  were  taken  from  both 
of  the  steam-cylinders,  at  both  ends,  by  means 
of  a  Richards  indicator.  The  annexed  diagrams 
(fig.  301)  are  examples  taken  from  the  top  and 
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liottom  of  one  of  the  cylinders.  The  vacuum 
was  as  good  as  could  be  expected  with  the  limited 
supply  of  water  for  condensation  used  over  and 
over  again,  and  made  occasionally  lukewarm.  The 
effective  mean  pressure,  averaged  from  a  num- 
ber of  diagrams,  was  28*3  lb.  ]>er  square  inch, 
and  allowing  for  the  sectional  area  of  the  piston- 
rod,  the  -power  exerted  by  the  engine,  making 
52  revolutions  per  minute,  amounted  to  111-2 
indicator  horse-power.  The  useful  work  done, 
having  been  found  to  be  equal  to  82  horse- 
power, is  equal  to  73*74  percent,  of  the  indicator 
power  exerted  by  the  engine. 

The  total  work  done  by  the  pump  in  the 
actual  raising  of  water  into  and  over  tho  well, 
useful  or  otherwise,  is  found  in  terms  of  the  lift, 
or  the  head  in  the  well  above  the  level  of  the 
water  in  the  lower  tank,  which  amounted  to 
0  feet  $  inch-f  12£  inches  —1  feet  £  inch.  The 
lift  being  multiplied  by  the  quantity  of  water 
raised,  and  reduced,  the  total  work  done  is 
found  to  be  90  horse  qr-ower,  or  81  per  cent  of 
the  indicator  horse-power. 

Messrs.  Gwynnc  «fc  Co.,  London,  exhibited  a 
centrifugal  steam-pump,  driven  by  a  pair  of  direct- 
acting  non-condensing  horizontal  engines.  The 
pump  had  a  wheel  4  feet  in  diameter,  fitted 
with  a  number  of  blades  formed  straight  and 
radial,  or  nearly  so,  towards  the  centre  of  the 
wheel,  and  j>artly  curved  backwards  at  the  outer 
extremities,  so  as  to  form  nearly  a  quarter  of  a 
circle.  From  tliis  description  it  is  obvious  that 
Messrs.  Gwynne  &  Co.,  in  1802,  dej>arted  ma- 
terially from  the  straight  radial  channels  applied 
by  Mr.  Gwynnc  in  1851,  and  that  they  have 
likened  the  form  of  the  blades  to  those  of  the 
Appold  pump,  exhibited  in  1851,  and  reproduced 
in  1 802, — so  tar  at  least  as  could  well  be  done 
without  iidopting  the  Appold  form  in  its  entirety. 
It  follows  that  the  Gwynne  pump  of  18G2  is  an 
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improvement  on  that  of  1851,  though  it  remains 
considerably  behind  the  Appold  pump. 

Messrs.  Gwynnc  it  Co.'s  steam-pump  consisted 
of  a  vertical  wheel  4  feet  in  diameter,  revolving 
within  a  case,  on  a  horizontal  axle,  to  which  a 
pair  of  horizontal  non-condensing  engines  were 
directly  connected,  with  cylinders  18  inches  in 
diameter,  and  of  14  inches  stroke.  The  water, 
mixed  with  a  great  portion  of  air,  was  raised  from 
a  lower  tank  al>out  13  feet  by  17  feet,  through  a 
large  pijw  30  inches  in  diameter,  into  an  upjwr 
tank,  12  feet  by  9  feet,  placed  at  a  consider- 
able elevation  on  four  columns,  from  which  the 
water  overflowed  at  one  side,  in  a  frothy 
cataract, white  with  air-bubbles,  as  is  permanently 
recorded  in  the  photographs  tliat  were  taken  of 
the  pump  whilst  in  action ;  tho  water  flowed 
over  a  weir  9  feet  8 J  inches  wide  and  inch 
thick,  into  the  lower  tank,  where,  owing  to  the 
great  height  of  the  fall,  it  churned  the  water  and 
mixed  a  great  deal  of  air  with  it,  which  was 
readily  taken  in  by  the  pump,  more  particu- 
larly as  the  entrance  to  the  pump  was  near  to  tho 
surface  of  the  water.  The  water,  rising  from  the 
central  pipe,  rose  above  the  surrounding  level  of 
the  water  in  the  tank  in  the  form  of  a  mound, 
and  flowed  off  on  all  sides,  but  chiefly  of  course 
towards  the  weir,  which  it  approached  with  a 
velocity  greatest  about  the  middle. 

Tho  condition  of  tho  water  in  the  upper  tank 
is  illustrated  by  the  annexed  sectional  figures 


C>»r«f  rrcui.  Stbam-Pcvf,  by  Horn.  Gwynnc  t  Co., 
(Section!  of  the  upper  Unk,  »howiiiR  the  iorm  of  the  « 
mound  of  water  from  the  delivery-pipe,  and  (he  orrrflow.) 

(figs.  302).  The  outline  of  the  mound  «,  with 
myriads  of  air -bubbles  mixed  with  it,  wus 
of  double  curvature,  and  it  was  al>out  8  feet 
6  inches  in  diameter  at  its  extreme  base ; 
it  was  surrounded  by  stationary  level  water  at  tho 
■idea  6,  c,  and  at  the  back  iL    Tho  water  flowing 


towards  the  front  was  checked  by  the  weir  e, 
which  stood  square  up  from  the  bottom  of  the 
tank,  about  eight  or  ten  inches  high,  and 
instead  of  l>eing  permitted  to  follow  its  natural 
course,  as  indicated  by  the  dotted  line  A,  the 
current  rose  again  as  it  approached  the  weir, 
and  made  a  second  mound,  of  which  the  summit, 
at  fy  was  precisely  over  the  weir,  and  actually 
attained  to  the  level  of  tho  stationary  water,  in  the 
tank,  leaving  a  considerable  hollow,  <y,  behind  it. 
It  Ls  obvious,  then,  that  the  depth  of  water  over 
the  weir,  at  /,  is  not  to  be  accepted  as  tho 
normal  depth,  such  as  woidd  legitimately  carry 
the  application  of  the  usual  formulas  for  calcu- 
lating the  discharge  from  this  datum.  It  is  an 
adventitioxis  level,  and  signifies  only  that  the 
device  of  the  narrow  square-edged  weir,  which 
was  not  in  the  original  construction  of  the  tank, 
increased  the  apparent  effect  of  the  pump,  by 
partially  obstructing  and  deepening  the  outflow- 
ing current. 

Disregarding,  then,  the  depth  of  the  wave  of  ob- 
struction over  t  he  weir  as,  in  itself,  an  impracticable 
quantity,  the  level  of  the  stationary  water  in  the 
tank  will  be  adopted  for  the  approaching  level  of 
the  overflow,  to  which  the  formula  fur  discharge 

D  =  4-76  I  •/¥ 

will  lie  applied  as  in  the  case  of  the  Appold  pump. 
The  approaching  velocity  of  the  water  flowing 
from  the  central  mound  accelerates  the  discharge  ; 
but  the  acceleration  mostly  takes  place  at  the 
middle  of  the  weir.  It  Ls  obvious  that  the  in- 
fluence of  the  maximum  head  of  the  mound 
extended  over  but  a  small  portion  of  the  weir  ; 
the  width  of  the  higher  portions  of  the  mound 
Ls  very  much  less  than  that  of  the  weir,  and  it, 
of  course,  s]>ent  its  force  to  a  considerable  extent 
in  sustaining  the  level  of  the  stationary  water. 
The  mean  height  of  the  mound  only,  or  half  its 
whole  height  above  the  stationary  water,  will 
therefore  be  adopted  as  the  mean  head,  for  which 
the  approaching  velocity  is  to  1*5  estimated,  and 
to  l>e  applied  to  the  whole  width  of  the  weir. 

According  to  the  Author's  experiments  on 
Messrs.  Gwynne  ik  Co.'s  pump,  in  Noveml>er, 
1802,  to  find  the  useful  work  done,  the  level  of 
the  approaching  or  the  stationary  water  in  the 
tank  varied  from  11  to  12J  inches  alx>vu  the 
level  of  the  weir,  but  for  present  puqxjses  take 
it  at  1  2  A  inches  ;  the  maximum  height  of  the 
moimd  above  the  level  of  the  weir  was  20  £  inches, 
or  7§  inches  above  the  stationary  water;  the 
mean  head  of  water  at  the  pipe  or  well  over  the 
pump, was  12i  +  half  of  7§  =  10^  inches  above 
the  level  of  the  weir  ;  the  length  of  the  weir 
was  9  feet  8«j  inches,  and  the  height  of  the  edge 
of  the  weir  above  the  level  of  the  water  in  the 
lower  tank  was  18  feet  10^  inches,  and  the  mean 
useful  height  to  which  the  water  was  raised  was 
18  feet  10^  inches  +  <>\  inches  =  19  feet  4 J 
inches.  By  Mr.  Neville's  tables,  calculated  by 
the  formula  already  quoted,  the  dLscharge  esti- 
mated for  an  approaching  velocity  relative 
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to  the  head  over  the  well,  as  already  esti- 
mated for  the  Appold  pump,  was  278*1 3  cubic 
feet  of  water  per  foot  of  weir  per  minute ;  and  I 
for  the  whole  length  of  the  weir  2703  2  cubic  I 
feet,  or  75*2  tons  of  water  per  minute.  The 
useful  work  of  the  pump,  as  it  stood,  was,  there- 
fore, 91)  horse- power. 

The  engines  exerted,  according  to  the  indicator- 
diagrams,  of  which  one  is  shown  in  the  annexed 
figure  (363), an  effective  mennpreasureof  26  lb.  per 
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Inpic  itoi-Di  n.iivs,  from  Meura.  Gwrnne  k  Co.'t 
Strain- PWBPi  after  an  alteration  of  the  ralvea. 


Square  inch,  making  200  revolutions  jkt  minute ; 
and  they  exerted  18S\  indicator  horsc-i>ower. 
Tlie  useful  work  done,  therefore,  was  equal  to 
53J|  j>er  cent,  of  the  indicator  engine-power. 

If  the  total  work  dono  in  lifting  water  be 
calculated,  say,  to  the  maximum  height  of  the 
central  mound  in  the  up]»er  tank — though  that 
is  too  high, — then  the  lift  from  the  level  of  the 
water  in  the  lower  tank  is  18  feet  10£  inches  + 
201  inches  =  20  feet  6g  inches.  The  total  work 
Would  be  equal  to  105-horse  power,  or  56  J  per 
cent,  of  the  indicator  engine-power. 

In  the  preceding  calculations  of  the  work  done 
by  Messrs.  Gwynue  tfc  Co.'s  pump,  no  deduction 
has  been  made  for  the  effect  of  the  large  quantity 
of  air  raised  with  the  water  drawn  from  the 
lower  tank,  which  of  course  materially  reduced 
the  specific  weight  of  the  water  operated  upon. 
It  is  further  to  Iks  remarked  that  the  exhibitors, 
in  their  original  application  to  Her  Majesty's 
Commissioners,  under-estimated  the  power  re- 
quired to  work  their  pump,  as  they  asked  the 
Commissioners  to  provide  for  them  only  85  in- 
dicator horse-power,  whilst  their  pump  actually 
consumed  considerably  more  than  double  the 
amount  of  power  applied  for.* 

•  The  extraordinary  demand  for  steam  to  work 
Mi  ssi  s.  Gwynno  &  Co.'a  pump  was  well  known  in  the 
Western  Annex.  The  power  expended  was  at  least  100 
homo-power  in  oxcosb  of  tho  requirements  originally 
propounded  by  tho  exhibitors,  and  of  course  it  occa- 
sionally overtasked  the  power  of  tho  boilers  by  which 
the  §team  was  generated  for  supplying  the  Annex. 
The  consumption  of  steam,  moreover,  was  aggravated 
by  the  mal-proportionB  of  the  engine,  as  first  arranged 
and  worked  during  tho  greater  port  of  the  time  tho 
Exhibition  was  open,  which  caused  a  back  pressure  on 
tho  pi  stun  amounting  to  40  per  cent,  of  tho  whole 
pressure  in  the  cylinder  above  that  of  the  atmosphere. 
Later,  by  means  of  a  slight  alteration  mado  in  con- 
sequence of  the  Author's  representations,  the  back 
pressure  was  reduced  to  about  one-fourth  of  the  posi- 
tive pressure.  Tho  power  really  consumed  within  tho 
cylinders,  including  that  required  to  overcome  tho  ille- 
gitimate back  pressure,  amounted  in  the  gross  to 
npwarda  of  260  horse-power,  being  175  horso-powor 
in  excess  of  the  85  indicator  home-power  that  was 


In  forming  an  estimate  of  the  comjwrativi- 
efficiency  of  the  engines  applied  to  the  steam 
pumps  of  Messrs.  Easton,  Amos,  &  Sons,  and 
Messrs.  Gwynne  <fc  Co. — respectively  of  the 
condensing  and  non-condensing  kind, — it  is  to 

Sought  by  the  exhibitors  in  their  original  application. 
In  those  facts  one  may  find  tho  origin  of  the  difficulty 
that  was  occasionally  experienced  in  providing  steam 
of  sufficient  prcssuro  for  tho  legitimate  requirements 
of  the  Western  Annex. 

A  statement  upon  tho  comparative  merits  of  the  two 
steam-pumps  has  been  made  by  Mr.  Zcrah  Colburo,  of 
New  York,  to  the  order  of  Messrs.  Gwynne  A  Co.,  the  ex- 
hibitors of  one  of  the  pumps.    He  commences  by  statin}? 
that  "tho  trial  of  greatest  interest  was  to  ascertain  the 
efficiency  of  the  pump,  both  as  to  the  absolute  discharge 
and  as  to  tho  proportion  which  tho  useful  work  done 
might  bear  to  tho  power  expended."    Alluding  to  tho 
central  mound  of  water  in  tho  upper  tank,  bo  deducts 
2  inches  from  its  maximum  height,  to  make  "  ample 
allowance  for  the  somewhat  inferior  velocity  of  the  wat«r 
rising  in  contact  with  the  inner  surface  of  the  pipe;"  and 
ho  assumes  that  tho  height  thus  reduced  "  to  a  level  1  foot 
<>i  inches  above  tho  creBt  of  the  weir"  gives  "the  mean 
lift  of  tho  wholo  body  of  water  as  20  feet  i|  inches  " 
abovo  tho  level  of  tho  water  in  tho  lower  tank.  On 
what  principle  this  "  ample  allowance  "  is  made  we  are 
not  informed ;  though  it  is  clear  that  "  the  somewhat 
inferior  velocity"  referred  to  is  not,  as  such,  of  any 
moment  in  estimating  tho  mean  head,  which  is  a 
matter  of  direct  measurement.   The  30-inch  delivery - 
pipe  was  expanded  at  its  upper  end  into  a  square 
aperture  through  tho  bottom  of  the  tank,  about  3 
feet  square  ;    and   consequently   the  water  quickly 
fell  abroad  on  its  delivery  into  the  tank.      If  the 
pipe  had  been  carried  straight  up  to  the  tank,  at 
31)  inches  diameter,  the  water  would  no  doubt  have 
been  raised  to  a  greater  maximum  height,  and  probably 
Mr.  Colburn  would  have  deduced  a  still  greater  mean 
head,  and  calculated  from  that  a  still  greater  discharge 
than  he  has  dono,  though  tho  discharge  must  have 
been  something  less  than  before.     The  simple  fact 
is,  that  the  head  and  velocity  of  tho  spreading  water, 
which  disappeared  on  its  getting  into  the  upper  tank, 
were  more  or  less  converted  into  pressure,  and  tho 
effect  was  soen  in  the  sustained  level  of  the  stationary 
water  surrounding  the  mound.    The  mean  head,  as 
already  stated,  is  determinable  by  simple  measurement, 
without  speculating  upon  inferior  velocities  at  all. 

But  an  allowance  of  4|  inches  of  additional  head  is 
claimed  by  Mr.  Colburn  as  a  part  of  tho  "  true  duty  " 
of  tho  pump,  in  overcoming  the  resistance  of  the  water 
in  the  pipe;  whereas  he  professed  that  tho  trial  of 
greatest  interest  was  to  ascertain  tho  useful  work  done. 
Now,  friction  in  the  delivery-pipe  is  not  useful  work, 
nor  is  it  a  part  of  "  true  duty"  either;  for  the  delivery- 
pipe  is  an  essential  part  of  tho  concrete  article  called 
a  high-lift  pump,  just  as  the  largo  cast-iron  well  forms 
an  essential  part  of  the  Appold  steam-pump  exhibited. 
Ho  might  as  well  havo  allowed  for  friction  upon  the 
wheel-case,  and  had  better  havo  stripped  tho  wheel 
altogether,  to  try  what  it  could  perform  without  any 
inclosing  friction- surfaces  at  all.  .Singularly  enough, 
in  an  article  in  the  Engineer  of  Juno  20,  1862,  he 
estimated  that  the  additional  head  duo  to  friction  in  the 
pipe  was  equal  to  2  feet,  or  about  six  times  as  much  as 
he  has  more  recently  allowed  !  The  truth  is,  the  pumps 
had  to  be  tried  as  they  stood,  and  us  integral  portions 
of  a  system  of  conduits  for  conveying  water  from  a 
lower  to  an  upper  level. 

Mr.  Colburn  having  estimated  that  the  "  corrected 
mean  rise  of  the  water  above  the  crest  of  the  weir" 
was  18J  inches,  he  adds,  that  "  it  would  be  perhaps  tho 
least  which,  under  tho  circumstances,  would  have  beeu 
expected  to  give  an  overflow  121  inches  thick  on  tho 
weir  itBelf ;"  that  is  to  say,  he  assumes  that,  as  12i 
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be  remarked,  that  the  employment  of  multiply- 
ing toothed  gearing  by  the  former,  enabled 
them  to  work  their  engines  at  a  moderate  H|)eed 
of  piston  and  economically.  Their  engines  cut  ofF 
the  steam  at  a  pressure  averaging  39  £  lb.  per 

inches  depth  of  water  nt  the  woir  is  the  depth  due  to 
an  ordinary  approaching  level  of  about  18$  inches, 
therefore  thero  iras  a  head  equivalent  to  that  of  an 
approaching  level  of  18i  inches  over  the  whole  length 
of  the  weir,— the  samo  as  if  the  tauk  had  actually  been 
fdled  up,  in  its  length  and  breadth,  to  a  uniform  level 
of  18J  inches.  That  tin's  is  not  what  would  have  been 
expected  at  all  "  under  the  circumstances,"  and  that 
the  assumption  is  untenable,  is  manifest  from  the 
annexed  section  of  tho  upper  tank  (fig.  364),  showing 

fio.  m. 


tho  actual  conditions  of  tho  currants,  and,  in  an  addi- 
tional dot-line  ft  A,  tho  fanciful  conditions  of  a  uniform 
high-level  and  regular  overflow  with  which  virtually 
Mr.  Colbum  seeks  to  identify  the  actual  conditions.  It 
has  already  been  shown  in  tho  text,  tliut  the  adventitious 
wave  over  the  weir,  12}  inches  doop,  is  morely  tho  effect 
of  tho  surging  of  tho  shallow  water  descending  from  tho 
mound  against  the  square  weir-board  in  front  of  it. 
That  the  mound  is  totally  indequato  to  such  an  exertion 
of  head-pressure  as  is  implied  by  a  uniform  high  level, 
is  plain,  from  the  fact  that  it  actually  did  not  do  so,— 
tho  level  of  tho  surrounding  stationary  water  being 
7}  inches  below  the  maximum  height  of  tho  mound. 
If  such  an  exertion  of  head  as  that  belonging  to  a 
level  of  18J  inches  abovo  the  weir  was  made,  it  must 
lie  asked,— Why  did  it  not  bring  up  the  surrounding 
stationary  water  to  that  level  ?  Tho  head  exerted  by 
tho  mound  was  effective  solely  in  accelerating  tho 
velocity  of  tho  central  portions  of  the  discharged  cur- 
rent, which  was  nearly  10  feet  wide,  whilst  the  mound 
at  its  lino  of  mean  he'ight  was  littlo  more  than  4  feet 
in  width. 

Here,  then,  is  tho  mistake  in  Mr.  Colbum' s  esti- 
mate of  tho  performance  of  Messrs.  Gwynne  &  Co.'s 
pump.  "  Taking  tho  true  head,"  says  he,  "  as  1  foot 
6  inches,  the  full  theoretical  discharge  without  loss  of 
any  kind  would  be  5733-22  cubic  feet  per  minute ;  and 
as  the  co-efficient  to  bo  applied  in  obtaining  the  actual 
discharge  appears  from  a  great  number  of  experiments 
by  many  and  high  authorities  to  be  -57,  tho  actual  dis- 
charge  would  bo  3,268  cubic  feet  per  minute,"  or  91-03 
tons.  This  weight  ho  takes  as  raised  20  73  feet  high, 
which  includos  the  head  in  tho  mound,  with  an  addi- 
tional allowance  for  friction  in  the  pipes,  from  which  he 
calculates  an  actual  "  duty  "  of  1281  horse-power.  It  is 
singular  that  ho,  who,  nt  tho  commencement  of  his  re- 
port, professed  the  greatest  interest  in  tho  «'  useful  work 
done  "  should  have  included  useless  work  in  his  calcu- 
lations. Ho  further  calculates  from  tho  indicator- 
diagrams  in  his  possession  that  the  cylinders  exerted 
an  effective  mean  pressure  of  26-66  lb.  per  square  inch, 
which  is  equal  to  192  indicator  horse-power, — "tho 
power  expended  in  driving  tho  pump."  Singular, 
again,  that  ho  should  have  professed  the  greatest 
interest  in  "tho  proportion  which  the  useful  work  dono 
might  bear  to  the  power  expended,"  and  that,  never- 


square  inch,  at  about  one-fourth  of  the  stroke, 
the  pistons  moving  at  the  rate  of  208  feet 
j>er  minute.  The  Author,  judging  from  the  evi- 
dence of  similar  cases,  with  cylinders  unprepared 
for  working  steam  in  the  most  economical  manner, 

theloss,  he  should  havo  omitted  to  ascertain  the  amount 
of  the  power  expended.  Instead  of  working  out  tho  in- 
dicator horse-power,  and  showing  that,  according  to  his 
own  figures,  the  pump  utilized  only  66}  per  cent,  of  the 
"  actual  power  expended,"  he  attempts  to  form  an  esti- 
mate of  tho  power  delivered  to  the  pump-shaft  by  a 
process  for  setting  aside  engine- resistance  altogether, 
and,  abandoning  a  certainty  for  an  uncertainty,  hypo- 
thetically  concludes  that  tho  work  done  by  the  piimp 
represented  8318  per  cent.  "  of  tho  powor  actually 
applied  in  driving  it ."' 

Tho  test  of  a  friction-brake,  if  there  had  been  faci- 
lities for  applying  it  to  the  pump-shaft,  would,  no 
doubt,  havo  been  desirable.  At  the  same  time,  from  a 
commercial  point  of  view,  it  would  not  have  been  a 
final  test,  and  the  actual  expenditure  of  steam-power 
in  driving  the  steam-pumps  was  the  real  element  on 
which  the  ultimate  issueB  were  dependent.  Where,  for 
example,  would  bo  tho  proprioty  of  eliminating  tho 
engine-resistance  from  the  indicator  horse-power  of  a 
Cornish  steam-pumping  engine,  and  ignoring  tho  total 
engino-|K>wer  consumed  in  doing  the  work  ?  But  this 
is  the  sort  of  thing  that  Mr.  Colbum  has  done.  A  steam- 
pump  must  havo  an  engine,  and  doubtless  tho  exhibi- 
tors considered  their  respective  engines  to  be  specially 
adapted  for  their  respective  duties ;  therefore,  for 
straightforward  commercial  purposes,  the  total  en- 
gine-power expended  must  needs  bo  entertained 
for  tho  purpose  of  comparison  with  tho  useful  work 
done. 

Mr.  Colburn  proceeds  to  inquire  what  may  bo  tho 
"  absolute  efficiency "  of  tho  Appold  pump  exhibited 
by  Messrs.  Huston ,  Amos,  <fc  Sons,  "  both  as  to  tho 
quantity  of  water  raised  and  as  to  tho  proportion  of 
useful  work  dono  to  tho  power  applied."  lie  has 
not  admitted  tho  clement  of  approaching,  or  what 
ho  calls  "  initial "  velocity,  in  his  calculations  of  the 
discharge  over  the  seven  different  edgeB  or  weirs  of 
the  uppor  tank,  except  only  at  tho  front  edge  (<i,  fig. 
360).  This  is  tho  great  mistako  in  his  treatment  of 
the  case  of  the  Appold  pump ;  for,  in  the  first  place,  it 
was  perfectly  obvious  to  thoso  who  observed  the  flow 
of  tho  currents  from  tho  engine  platform,  that  the  water 
rushed  with  an  uninterrupted  approaching  velocity  from 
the  well  and  over  the  three  foremost  edges,  front  and 
flank  (c,  d,  e),  and  likewise  spread  itself  laterally  over 
the  facing  edges  b,f.  Again,  tho  tank  had  a  depth  of 
3  feet,  and  its  floor  reached  straight  to  the  well,  in 
addition  to  which  there  was  another  foot  of  water,  in 
round  numbers,  abovo  the  level  of  tho  tank,  emerging 
from  the  well  into  tho  tank, — making  in  all  a  squaro 
Ixxly  of  water  4  feet  deep,  and  about  6  feet  wide,  de- 
livered into  tho  tank,— all  of  it  moving,  of  course,  with 
direct  approaching  velocity.  This  was  an  enormons 
entrance  for  a  comparatively  small  tank.  There  was, 
then,  no  opportunity  for  the  water  to  become  stationary, 
except  at  tho  extreme  sides  a  and  g,  whero  the  observer 
could  readily  perceivo  that  tho  water  welled  up,  so  to 
say,  from  tho  bottom  of  tho  tank  j  whilst  tho  upper 
strata  of  the  stream  of  water  from  the  well  rushed 
impetuously  over  the  more  advanced  weirs,  whore  the 
full  force  of  tho  approaching  velocity  was  inevitably 
expended.  It  might  fairly  bo  asked,— What  bocamo  of 
that  velocity,  if  it  did  not  spend  itself  over  tho  weirs  ? 

In  this,  as  in  the  case  of  Messrs.  Gwynne  &  Co.'s 
pump,  Mr.  Colburn  has  omitted  to  quoto  the  formulas 
by  means  of  which  he  perforins  his  calculations,  which 
are  involved  in  considerable  obscurity,  and  encumbered 
with  hypothetical  allowances  of  various  kinds.  Hut 
that  air,  as  is  asserted  by  him,  was  intermixed  with 
the  water  from  tho  well  of  tho  Appold  pump,  was 
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has  added  30  per  cent  to  the  indicated  con- 
sumption of  steam  at  the  point  of  cut-off,  to 
represent  the  loss  by  partial  condensation  ;  and 
has  estimated  that,  under  the  actual  conditions, 
the  condensing  engines  which  worked  the  Aj>- 
pold  pump  used  2,475  lb.  of  water  as  steam  per 
hour,  which  would  require  the  consumption  of 
about  2$  lb.  of  coal  per  indicator  horse-power 
per  hour. 

Messrs.  Gwynnc  <fe  Co.,  on  the  contrary', 
having  coupled  their  cylinders  directly  to  the 
pump  shaft,  without  the  intervention  of  gearing, 
worked  their  pistons  at  u  speed  of  466  feet  per 
minute,  and  steam  was  admitted  to  the  cylinder 
during  about  86  per  cent,  of  the  stroke.  With- 
out making  any  addition  for  loss  of  steam  by 
condensation  in  the  cylinders — less  consider- 
able, no  doubt,  tlian  in  the  other  engines, — it  is 
estimated  that  they  used  about  9,776  lb.  of  water 
as  steam  per  hour,  which  would  require  the  con- 
sumption of  alxmt  6$  lb.  of  coal  per  indicator 
horse-power. 

In  conformity  with  the  foregoing  particulars, 
it  appears  that  the  duties,  or  useful  work  done, 
of  the  steam-pumps,  or  pumping  engines,  were 
as  follows : — 

Messrs.  Easton,  Amos,  <fe  Sons'  steam-pump 
raised  8,420  cubic  feet,  or  1,347  gallons,  of  water 
t>ne  foot  high  per  ]>ound  of  coal.  Messrs.  Gwynne 
it  Co.'s  steam-pump  raised  2,570  cubic  feet,  or 
411  gallons,  of  water  one  foot  high  per  pound 
of  coal.  Showing  that  the  duty  of  the  steam- 
not  the  case,  as  was  obvious  to  any  one  who  looked 
down  into  tho  woll ;  and  ovon  if  air  hod  boon  drawn  in 
by  tho  pump,  there  was  abundant  freedom  in  tho  well, 
which  was  upwnrds  of  10  foot  diameter,  for  it  to 
separato  itself  from  tho  water  before  it  entered 
the  upper  tank.  Moreover,  the  discharge  into  the 
lower  tank  waB  delivered  at  a  considerable  distance 
from  the  entrance  to  tho  pump,  where  the  water 
was  comparatively  still,  and  air  was  not  likely  to  be 
found. 

Mr.  Colburn,  then,  by  his  defectivo  mode  of  calcula- 
tion, has  estimated  that  1  K)-77  tonB  of  water  were  dis- 
charged per  minute,  by  tho  Appold  pump,  with  a  lift 
of  7-08  feet,  which,  by  tho  way,  includes  useless  work 
done,  and  is  found  by  him  to  bo  tho  work  of  67  fi«  horse- 
power. 

In  dealing  with  tho  indicator-diagrams  taken  from 
the  Appold  steam-pump,  Mr.  Colburn  condemns  those 
taken  from  tho  bottom  of  the  cylinders  as  "nearly 
worthless,"  because  they  happen  to  bo  of  less  pressure 
and  area  than  those  from  tho  up|>or  ends  of  tho  cylin- 
dors,  "on  account  of  tho  length  and  comparatively 
small  diameter  of  tho  pipe  through  which  tho  steam 
was  carried  from  tho  bottom  of  tho  cylinder  to  tho 
indicator."  "  The  pressure  at  tho  top  of  tho  cylinder 
has  been  taken  as  the  true  pressure  [for  tho  bottom], 
tho  engineman  having  stated  that  tho  slide-valves  were 
carefully  set  to  admit  steam  equally  to  the  top  and 
bottom  of  the  cylinder." 

Now,  on  referring  to  the  indicator-diagrams  (fig.  3G1, 
page  378),  it  appears  that  tho  valves  were  not  cqnally 
Bet,  inasmuch  as  they  had  not  any  lead  at  all  at  tho 
lower  ends  of  the  cylinders  ;  that  is  to  say,  the  steam- 
port  was  not  open  at  all  for  tho  admission  of  steam 
beluw  the  piston,  at  the  commencement  of  tho  upward 
st  roke  Moreover,  tho  steam  passage  to  tho  bottom  of 
the  cylinder  was  double  the  length  of  that  to  the  top. 
Again,  tho  piston  travelled  faster  from  the  lower  end 


pump  of  Messrs.  Easton,  Amos,  <fc  Sons,  per 
pound  of  coal  consumed,  was  more  than  three 
times  that  of  the  steam-pump  of  Messrs.  Gwvnne 
<fe  Co. 

Messrs.  Williamson  Brothers  exhibited  a 
centrifugal  pump  made  with  an  exterior 
whirlpool, — an  addition  introduced  by  Pro- 
fessor James  Thomson,  and  reported  to  have 
increased  the  efficiency  of  the  pump,  compared 
with  ordinary  centrifugal  pumps.  The  machine 
consists  of  a  wheel  or  revolving  fan,  with  an 
exterior  case  forming  the  whirlpool  and  outlet 
chambers.  The  wheel  is  constructed  with  a 
middle  or  partition  plate,  and  two  outer  disc*  or 
covers  with  circular  orifices  for  admitting  the 
water  at  tho  centre  on  each  side  of  the  pump. 
Curved  vanes  are  fixed  between  the  middle  and 
outer  plates,  extending  from  the  central  orifices 
to  the  outer  circumference.  The  novelty  consist* 
in  the  addition  of  the  exterior  or  whirlpool 
chamber  round  the  circumference  of  the  revolving 
wheel,  which  is  usually  made  about  double  the 
diameter  of  the  wheel  The  water  revolving  in 
this  round  chamber  assumes  the  condition  of  a 
"  vortex  or  whirlpool  of  free  mobility,  "  the 
principles  of  motion  in  which  were  first  noticed 
by  Professor  Thomson.  The  object  of  the 
whirlpool  is  to  utilise  the  work  contained  in  the 
rapid  motion  of  tho  water  on  leaving  the  wheel. 
As  the  water  passes  from  the  centre  of  rota- 
tion, onwards,  its  velocity  is  gradually  eon- 
verted  into  or  replaced  by  pressure, — in  fact,  the 

than  from  the  upper  end ;  and,  finally,  even  if  all 
these  circumstances  had  not  existed,  the  length  of  the 
indicator-tube  had  little  or  nothing  to  do  with  the 
gross  area  of  tho  diagram.  It  might,  no  doubt,  have 
affected  tho  truo  shape  of  the  figure,  but,  inasmuch 
as  tho  piston  of  tho  indicator  travelled  alternately  up 
and  down,  in  describing  tho  figure,  the  pressure  on 
the  piston  would,  if  affected  at  all  by  the  tube,  drag 
after  the  real  pressure,  and  would  bo  so  dcscrilx-d  by 
the  pencil,  which  would  alternately  describe  the  pres- 
sure in  excess  and  in  deficiency,  as  it  fell  and  rase. 
These  errors  balancing  each  other,  tho  area  of  the 
figure— tho  measure  of  force — would  remain  substan- 
tially correct. 

It  is  clear,  therefore,  that  there  is  no  ground  what- 
ever for  Mr.  Colburn's  hasty  assertion  of  the  worthless- 
ncss  of  the  bottom  diagrams.  He  has  estimated  that 
I  the  engine  exerted  an  effective  mean  pressure  in  the 
cylinder  of  29'53  lb. ;  but,  as  before,  instead  of  pro- 
secuting tho  inquiry  into  one  of  the  professed  object* 
of  interest — tho  power  expended, — he  proceeds  to  an 
attempt  to  eliminate  a  part  of  tho  power  expended, 
namely,  tho  friction  of  the  engine ;  and  concludes  that 
tho  pump  consumes  94-4-1  horse-power  applied  to  the 
pump-shnft,  abandoning,  as  before,  a  certainty  for  an 
uncertainty,  and  for  no  sufficient  reason. 

It  is  obvious  that  tho  writer  of  the  statement  which 
has  thus  been  submitted  to  analysis,  must  have  been 
unaware  of  tho  progress  which  has  been  made  in  the 
improvement  of  centrifugal  pumps ;  and  in  particular 
of  the  indispensable  necessity,  row  universally  recog- 
nized and  understood,  of  so  constructing  tho  machine, 
that  tho  water  should  be  received  on  it  without  shock, 
and  that  it  should  leave  it  without  velocity,  in  order  to 
attain  tho  greatest  degree  of  efficiency.  It  would 
appear,  in  short,  that  he  is  in  error,  not  only  in  his 
data,  but  also  in  his  arguments,  and  likewise  in  hi* 
conclusions. 
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force  necessary  to  retard  its  velocity, — capable 
of  causing  it  to  ascend  to  a  height  corresponding 
to  the  energy  deducted  from  its  motion.  This 
pressure  is  added  to  the  outward  force  generated 
within  the  wheel.  An  outlet  chamber  is  also 
provided,  surrounding  the  whirlj>ool-chainber, 
to  receive  the  water  from  all  parts  of  the  circum- 
ference of  the  whirlpool,  and  separated  from  it 
by  conical  discs  designed  to  prevent  any  slowly 
moving  or  eddying  water  from  breaking  into 
and  disturbing  the  whirlpool. 

These  pumps  are  specially  designed  for  lifting 
large  quantities  of  water  through  moderate 
heights,  for  purposes  of  drainage  in  low-lying 
districts,  and  for  other  purposes.  Their  efficiency 
is  stated  to  amount  to  at  least  70  j>er  cent,  of 
the  dynametrical  power  applied  to  the  pump- 
shuft. 


CHAPTER  III. 

RECIPROCATING  PUMPS. 

Messrs.  Ransomcs  &  Sims,  Ipswich,  exhibited 
a  3-horse  power  steam-pump,  specially  adapted 
for  pumping  water  for  fountains,  railway  stations, 
A'C.  The  pump  and  engine  are  mounted  upon 
a  locomotive  boiler,  which  rests  on  two  cast-irou 
pedestals.  The  speed  of  the  engine  is  reduced 
by  gearing  to  suit  the  speed  of  the  pump.  The 
engine  Is  said  to  be  capable  of  raising  from  4,000 
to  5,000  cubic  feet  of  water  from  a  depth  of  15 
feet  to  a  height  of  100  feet  in  ten  hours.  The 
pump  is  lined  with  brass,  the  bucket  is  packed 
with  leather,  and  the  valves  are  of  india-rubber 
seated  on  brass,  and  easily  accessible  (figs.  3G5). 


Fiot.  303. 


3-Hobas.Powib  8TIiM-Prnr,  by  Means.  Ransomes  &  Sims,  Ipswich. 


Messrs.  Thomas  Dunn  &  Co.,  Manchester, 
exhibited  a  double-action  steam-pump,  simply 
and  comjiactly  arranged  on  one  base-plate,  with 
one  double  barrel  and  two  rams,  in  a  horizontal 
line  with  the  steam-cylinder,  which  is  placed  at 
one  end,  and  a  flywheel  at  the  other  end  of  the 


base-plate.  The  rams  are  fixed  to  the  bed,  and 
the  barrel  is  directly  attached  to  and  moved  by 
the  piston-rod,  working  upon  the  rams,  and 
packed  by  a  gland  at  each  end,  freely  aceeas- 
ible,  though  it  cannot  l>e  screwed  up  except 
the  pump  is  at  rest    The  upper  valves 
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are  readily  got  at  by  removing  the  cover,  but 
not  the  under  ones.  The  motion  is  transmitted 
to  the  crank-shaft  by  means  of  a  pair  of  connect- 


ing-rods, one  from  each  Hide  of  the  barrel-  This 
pump  is  adapted  for  feeding  boilers  ;  it  is  pro- 
posed also  as  a  fire-pump  (fig.  300). 


Fio.  300. 


DoiULi-iCTioif  Stiam-Fuiip,  by  Mrstrs.  Thomas  Dunn  ft  Co.,  Manchester. 


Messi^s.  Dunn  ii  Co.  exhibited  also  a  Jtorx- 
zonial  double-action  donkry-pump,  the  cylinder 
being  at  one  end,  and  the  pump  at  the  other 
worked  direct  by  the  piston  ;  the  crank  of  the 
flywheel-shaft  in  the  middle  is  worked  by  a 
slotted  frame.  There  is  a  large  air-vessel  on 
the  delivery-pipe,  and  the  whole  engine  is  light 
and  compact  (n'g.  367). 

Fio.  34.7. 


Dovbli-actiox  Do.tiiv-PuMr,  \>j  Hewn.  Dunn  4  Co, 

Messrs.  Garrett,' Marshall,  it  Co.,  Leeds,  exhi- 
bited four  varieties  of  donkey-engines  or  steam- 


Fio.  308. 


Fio.  309. 


pumps.  Each  of  these  has  two  air-vessels,  one 
for  the  suction,  and  the  other  for  the  delivery, 
so  that  the  water  is  drawn  in  and  forced  out 
in  a  continuous  stream  by  the  pump-rani,  which 
is  single-acting.     Thus   the  working  of  the 

Fio.  370. 


STKAX-Pcxrs,  bj  Meaan,  Carr*  U,  Manual!,  ft  Co.,  Leedl. 


SnuM-l'i'Mr,  by  Messrs.  Carrett,  Manliall,  ft  Co. 

engine  is  independent  of  the  distance 
from  or  to  which  the  water  inny  lie 
fetched  or  forced,  inasmuch  as  the  water, 
being  continuously  in  motion  in  the 
pipes  in  one  direction,  is  not  stoj)j>ed 
and  Btarted  at  every  stroke.  In  the 
first  mid  second  pumps  (fig*.  3G8  and 
369)  the  flywheel  is  driven  by  means  of 
a  Blotted-fraine  movement ;  and  in  the 
third  (fig.  370)  connecting-rods  and  slide- 
bars  arc  used,  as  in  ordinary  steam- 
engines.  The  second  pump  (fig.  369)  is 
used  for  working  against  great  pressures, 
as  in  feeding  locomotives,  and  is  de- 
signed for  pumping  hot  water.  The 
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air-chambers  are  circular,  ami  form  the  pillar- 
supports  for  the  steam-cylinder.  The  fourth 
pump  is  like  the  third  externally  ;  it  is  a  double- 
action  pump  on  the  buckct-and-ram  principle, 
and  has  two  clacks,  delivering  the  water  equally 
nt  the  tip  and  down  strokes,  and  equalising  the 
resistance — that  Ls  to  say,  the  solid  piston  Is 


each  end  of  the  cylinder,  and  is  fitted  with 
guction-flaps,  one  to  each  end,  as  near  to  the 
end  as  may  Ik*,  to  allow  for  its  working  clear 
of  the  outlet-flap.  The  water  discharged  from 
the  pump  falls  through  the  outlet-flap  imme- 
diately on  the  reversal  of  the  stroke.  Access  is 
had  to  the  working  parts  by  simply  lifting  up 


worked  by  a  rod  of  half  the  sectional  area  of  j  one  or  other  of  these  Hups,  by  which  stoppages  in 

the  pump  may  be  easily  corrected.  The  water- 
ways are  large,  and  the  whole  of  the  contents 
of  the  cylinder,  with  sand,  grit,  or  other  matters 
that  may  be  drawn  in,  are  freely  ejected  at  each 
stroke,  so  that  no  lodgment  can  l>e  effected  of 
matters  usually  filial  to  ordinary  horizontal 
pumps.  The  pump  is  fitted  for  forcing,  by 
enclosing  the  tank  in  which  it  stands,  and  so 
converting  it  into  an  air-vessel  (lig.  371). 


the  piston  itself ;  during  the  up  stroke  the  upper 
surface  forces  a  volume  of  water  into  the  ascend- 
ing column,  and  the  lower  surface  draws  in  twice 
that  volume.    In  the  down  stroke,  one  of  the 
volumes  fills  the  sjtacc  above  the  piston,  and  the 
other  is  sent  into'  the  rising  tube.    It  is  adapted 
as  a  complete  pumping  apjtaratus  cajmble  of 
delivering  10,000  gallons  of  water  150  feet  high 
l>er  hour,  in  one  uniform  stream.  As  a  stationary 
fire-pump  it  has  a  working  lxirrel  8^  inches 
in  diameter,  with  aG-inch  rain,  having  a  stroke 
of  1 3  inches ;  the  clack  and  piston  are  of  brass. 

Messrs.  Knowelden  Si  Co.,  London,  exhi- 
bited Knmcetden  db  Edwards  diaphraym 
jium/),  made  with  two  single-acting  barrels, 
worked  by  a  double- vibrating  lever.  The 
barrels  are  fitted  with  elastic  diaphragms 
across  their  bases,  and  are  filled  with  water, 
covered  by  a  film  of  oil  up  to  the  pistons ; 
thus  the  pistons  work  out  of  contact  with 
the  liquid  pumped,  communication  being 
entirely  cut  off",  whilst  they  draw  and  force 
the  liquid  in  the  usual  way.  Hy  this  means 
the  working  barrels  are  preserved  from  the 
action  of  gritty,  corrosive,  or  sewage  water. 
The  valves  are  hung  in  a  cylindrical  frame, 
which  is  readily  withdrawn  from  the  base 
of  the  pump  for  examination,  and  readily 
replaced 

Mr.  J.  L.  Norton,  London,  exhibited 
a  novel  arrangement  of  reciprocating  pump, 
dispensing  with  the  ordinary  barrel  and 
piston,  and  having  a  horizontal  trough  of 
triangular  section,  into  which  the  water  is 
delivered  through  two  alternate  valves,  hung 
in  a  diaphragm  across  the  hollow  of  the 
trough  ;  an  inverted  triangular  trough  encloses 
the  suction-valves,  and  accurately  fits  and  slides 
air-tight  upon  the  diaphragm  or  frame  which 
carries  the  valves.  The  two  troughs  together 
enclose  a  square  space,  and  the  delivery  valves 
are  hung  one  at  each  end  of  the  reciprocating 
inverted  trough,  so  as  thoroughly  to  enclose 
the  space  lietwccn  the  troughs  ;  it  follows  that 
when  the  reciprocating  trough  is  traversed 
air-tight  uixm  the  fixed  diaphragm,  a  vacuum 
Ls  formed,  and  water  is  drawn  into  the  pump, 
which  is  exjH'lled  through  the  reciprocating 
valves  on  the  ends  of  the  moving  trough  at  the 
changes  of  stroke. 

Mr.  R.  A.  Godwin,  London,  exhibited  the 
/lood-pump,  having  a  horizontal  working-barrel, 
■with  a  reciprocating  piston  and  a  large  outlet 
flap  at  each  end.  The  water  Is  brought  up  to 
the  barrel  from  below  through  a  T-shaped 
water-way,  of  which  the  CrOSS-passage  leads  to 


Fig.  371. 


Flood  fur,  by  Mr.  II  A.  Godwin, 


Mr.  Perroauz,  London,  exhibited  india-rubber 
pump-valve*,  of  the  form  of  a  tulxj  flattened  at 
one  end,  like  the  mouthpiece  of  a  clarionet. 
The  thickness  of  the  sides  of  the  upper  part 
diminishes  gradually 


to  the  top,  where  the 
two  sides  meet  and 
form  two  lips,  which, 
when  the  valve  is  in 
a  stite  of  rest,  are  in 
close  contact  and  pre- 
vent the  downward 
passage  of  the  fluid. 
With  any  upward 
pressure  the  lips  sej«i- 
rate  and  allow  of  the 
upward  passageof  the 
fluid.  The  gradual 
diminution  in  thick- 
ness or  tqtering  of 
the  sides  forming  the 
lips  of  the  passage, 
enables  the  valve  to 
open  and  close  with 
the  slightest  variation 
of  pressure,  and,  by 

'2 


Fio.  372. 


l.\un-mi :n*3  Poir.Vii.Yi>,  by 
Mr.  1'crrcaux,  Loodou. 
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properly  proportioning,  to  resist  any  required 
amount  of  downward  pressure.  The  passage  for 
the  fluid  is  larger  in  thews  valves  than  in  any 
others  of  equal  dimensions;  they  also  possess  the 
advantage  of  having  a  ••clear  way,  "  there  being 
nothing  whatever  to  retard  the  passage  or  flow  of 
water,  and  they  clow  j»erfectly  and  instantane- 
ously the  moment  tin-  pressure  from  below  Ceases 
(fig.372). 

\Y  itli  oho  valve  as  a  piston,  and  another  an  a 
suction-valve,  a  simple  pump  Is  obtained.  But 
it  may  ho  remarked  that  with  the  resistance  of 
the  material,  and  the  small  dimensions  of  the 
orifices,  an  excess  of  motive-power  is  required, 
which  may  l>e  an  important  element  in  large 
pumps.    The  durability  of  the  valves  must  Ikj 


doubtful  under  hard  work,  as  in  the  pumps  of 
locomotive  engines. 

Mr.  John  Chedgey,  London,  exhibited  a 
}>ump,  having  a  bored  Slid  polished  glass  barrel,  for 
pumping  aoid  or  alkaline  fluids.  Glass  puni|e-  are 
used  in  jNijKr  mills.  A  glass  pump  with  -~>  feet 
of  glass  ]>i]M*  was  exposed  to  the  frost  during  the 
winter  of  18G0-G1,  and  was  frozen  up  several 
tunes,  without  any  damage.  The  glass  J>i|>es 
have  been  tested  to  a  pressure  of  500  feet  of 
water.  Mr.  Chedgey  exhibited  also  yla&s  roUtr* 
and  ghiss  beds  for  mangles. 

Messrs.  Harvey  k  Co.,  Ha  vie,  Cornwall,  exhi- 
bited a  model  of  a  ywmpittij  ttujine,  for  London 
water  companies.  The  engine  is  of  the  well- 
known  Cornish  type,  single-acting  high-pressure, 


1 1G.  373. 


I  I  t  t  j  j  •  VI  IT  j  H  IT!  1  |V"j"|  ,  ,  'llttiltl 

Fi'urivo  Eitgikx,  for  Loailon  Water  Companies,  ly  Messrs  Ilanrey  £  Co.,  Hajto. 


expansive  and  condensing.  The  accompanying 
illustration  (Hg.  'J73)  represents  one  of  the 
engines  constructed  for  the  East  London  Water- 


works Company,  and  erected  in  185."i,  at  Lee 
bridge.  At  the  time  of  its  erection,  this  was  the 
largest  machine  for  supplying  water  to  tonr&H 
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hat  had  ever  been  constructed.  The  cylinder 
-t  1 00  inches  in  diameter,  with  a  working  stroke 
•f  1 1  feet.  The  pump  is  a  plunger-pole  50  inches 
n  diameter,  with  11  feet  stroke.  The  steam  is  in 
his  engine  cutoff  at  an  average  of  one-fourth  of  the 
troke,  Mr.  Charles  Greaves,  the  engineer  of  the 
Cast  London  Water-works,  having  found  that  a 
ut-offat  one-fourth  is  a  very  convenient  degree 
f  expansion  for  regular  working  in  such  engines, 
'he  engine,  when  working  full  power,  pum|>s 
bout  9,000  gallons  of  water  per  minute,  usually 
-10  feet  high  ;  and  the  water  is  conveyed  into 
jondnn  by  three  cast-iron  pipes  30  inches  in  dia- 
aoter.  The  following  account  of  the  method  of 
working  the  Cornish  engines  at  the  East  London 
-Vater-works,  is  derived  from  a  valuable  |Kij)er 
ead  by  Mr.  Greaves  before  tin;  Institution  of 
dechanical  Engineers,  at  their  meeting  in  Lon- 
lon,  in  July  18G2  :— 

"The  steam  is  raised  in  cylindrical  single-flued 
•oilers,  with  internal  fires  to  a  pressure  of  30  to 
151b.  jaer  square  inch  above  the  atmosphere  : 
he  boilers  are  of  ample  dimensions,  aud  not  less 
ban  three  are  at  work  for  each  engine  ;  they 
uive  large  steam  chests  attached,  and  ait;  all  I 
overed  up  with  great  care.  The  engines  are 
forked  at  all  speeds,  which  may  be  practically  j 
Deluded  between  4  strokes  and  10  strokes  per  j 
uinute.  The  cylinders  are  all  cased  in  steam- 
acketa,  and  these  again  arc  inclosed  in  an  outer 
■ase  filled  to  a  thickness  of  not  less  than  12 
nches,  with  very  fine  ashes.  The  cylinder-covers 
uivo  no  steam-jackets,  but  are  well  covered  in 
'arious  ways,  as  are  also  the  steam-pijs?*  and 
ipper  nozzles  or  vadve-boxes.  The  steam-valves 
re  in  all  causes  double-l»eat  gun-metal  valves, 
ffld  in  as  good  order  as  close  care  and  attention 
-an  maintain  them.  The  boilers  Wing  filled  with 
team  at  30  to  351b.  pressure  per  square  inch, 
he  siune  press\ire  fills  the  steam-chest  and  steam- 
tipes  up  to  the  steam-valve.  The  supply  for 
he  steam-case  of  the  cylinder  is  taken  from  the 
uime  boilers,  and  no  difficulty  exists  in  main- 
lining the  mil  heait  of  the  l>oiler  in  the  steam 
Mae,  amounting  to  282°  Fahr.  with  steam  ait 
i-5  lb.  per  square  inch  above  the  atmosphere. 
The  condensed  water  from  the  steam-case  returns 
>y  gravitation  to  one  of  the  working  boilers,  the 
•ylinders  lacing  purposely  set  at  such  a  level 
•datively  to  the  boilers,  as  to  allow  of  this  con- 
tinued circulation  by  mere  gravitation,  which  is 
not  interfered  with  by  the  working  of  the  engine, 
jontinuing  to  act  during  the  intervads  of  work 
>r  as  long  jus  steaim  remaiins  in  the  boiler. 

"  The  sjaeed  <»f  the  engine  is  reguhitetl  by  an 
adjustable  cataract :  the  exhaust-valve  first,  and 
then  the  steam-valve,  au-e  thrown  ojaen  by  treadle 
weights,  as  soon  as  the  catches  are  detached 
by  the  cataract.  The  valves  aire  closed,  by 
tappets  on  a  plug-rod  :  first,  the  stenm-vadve,  and 
then  the  exhtiust-valve,  the  former  at  a  period 
>fthe  stroke  varying  in  practice  between  one- 
third  aind  one-fifth  from  the  commencement,  and 
the  latter  at  the  end  of  the  stroke.    In  engines 


worked  on  this  principle,  aw  also  in  all  recipro- 
cating engines  pumping  without  cranks,  there  is 
nothing  to  Hint;  the  strokes  of  the  engine  to  amy 
exact  length.    It  Is  necessary,  therefore,  that 
bumpers  or  catch-pieces  be  provided  to  restrain 
the  engine  at  both  ends  from  an  undue  length 
of  stroke  ;  and  thick  plates  of  india-rubber  under 
hardwood  blocks  arc  now  used  for  this  purpose 
in  place  of  the  spring-beams  formerly  employed. 
An  engine  thus  auTanged,  working  alone,  lifting 
waiter  from  one  fixed  level  to  another,  would 
work  continuously  with  one  length  of  stioke 
and  one  sj>eed  ait  whaitever  it  might  be  set,  but 
in  waiterworks  with  direct  deHvcry, — that  is,  not 
pumping  into  a  stand-pipe  of  constant  height  of 
column, — but  where  the  levels  of  the  reservoirs 
vary  continually,  auid  the  velocity  of  the  delivery 
into  the  main  pipes  is  subject  to  continual  fluctu- 
ation, it  is  found  that  a  variation  to  the  extent 
of  some  inches  in  the  length  of  stroke  result* 
throughout  the  day ;  aind  the  engines  lengthen 
and  shorten  their  strokes  in  obeihence  to  the 
vairiaible  resisting  pressure  of  the  column  of 
water.    The  variable  resistance  to  the  loaded 
plunger  in  the  outdoor  stroke  causes  the  piston 
to  stop  at  ai  vairiaible  distance  from  the  top  of  the 
cylinder,  ai  reduction  in  the  resistance  causing  a 
greater  velocity  and  a  corresponding  greater 
length  of  outdoor  stroke,  before  the  motion  is 
completely  arrested  by  the  effect  of  closing  the 
equilibriuni-valve.    An  empirical  dimension  for 
length  of  stroke  hats  consequently  to  be  deter- 
mined by  observation  as   »n  average.  Each 
stroke  of  these  engines  is  an  ojaeration  complete 
hi  itself,  including  within  itself  all  the  changes 
from  rest  to  rest  j  and  there  is  no  momentum 
carried  on,  and  no  arrear  of  force  subsequently 
supplied. 

"  The  stroke  of  the  engine  raising  the  load, 
technically  called  the  '  indoor '  stroke,  is  per- 
formed in  these  engines  at  the  mean  velocity  of 
from  500  to  GOO  feet  per  minute.  When  the 
steam  is  cut  off  at  l-4tli  of  the  stroke,  a  10-feet 
stroke  is  frequently  jaerformed  in  one  second, 
tmd  am  1 1  -feet  stroke  constantly  hi  1  \  seconds,  and 
when  cut  off  at  l-3rd,  the  10-feet  stroke  requires 
about  1^  seconds.  This  s]K?ed  in  pumping  is 
almost  jaeculiar  to  waterworks  engines,  for  in 
mining  engines  the  saime  length  of  stroke  gene- 
rally requires  more  than  2  or  2.1  seconds. 
Much  depends  on  this  velocity.  The  chamber 
of  the  pump  liaving  to  lac  filled  during  the 
indoor  stroke,  the  dimensions  of  the  suction- 
valves  must  be  such  that  the  least  loss  of  power 
may  he  suffered  in  drawing  the  water  in,  auid 
the  adoption  of  double  suction-valves  hit*  proved 
very  laeneficial  in  economising  power.  More- 
over, as  it  is  absolutely  necessary  for  the  good 
working  of  the  engine  that  the  suction-valve* 
should  be  shut  quite  as  soon  aas  the  engine  con- 
cludes the  indoor  stroke,  the  lift  aind  the  loading 
of  the  valves  are  maitters  requiring  considerable 
attention. 

"  For  the  purpose  of  obtaining  a  high  dutv, 
2  c  2 
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Mr.  Greavcs's  experience  would  lead  liiin  not  to     Mrought-iron  rings  placed  inside,  kept  in  place 


by  win*  wrapped  on  the  outside  of  the  pipa  in 
the  intervals  l>etween  the  rings. 

M.  H.  Hubert,  Paris,  exhibited  two  pairs  of 
force-pumps,  which  were  erected  for  supplying 
water  to  the  two  monumental  fountains  in  the 
Horticultural  Gardens.  The  barrels  were  hori- 
zontal, and  were  worked  by  over-neck  cranks 
from  a  shaft  driven  by  steam-engines.  The 
connecting-rods  were  IoojhxI  to  pass  alongside 
the  laurels  and  to  join  the  crossheads  at  the 
other  end  of  the  ban-els.  A  great  length  of 
connecting-rod  was  thus  obtained.  The  band* 
were  10  inches  in  diameter,  with  12  inches  of 
stroke,  and  wen  designed  to  ran  at  a  sjwed  «f 
50  revolutions  per  minute  ;  but  with  the  snull 
orifices  for  suction  and  delivery  of  water,  and 
the  heavy  cust-ii"on  valves  employed,  they  could 
not  make  more  than  40  revolutions  j»er  minute, 
without  endangering  the  pumps  by  concussion. 
A  comparatively  small  air-vessel  was  fitted  nn 
the  delivery-main  for  each  j*air  of  pumps,  bit 
there  waa  nothing  of  the  kind  on  the  suctim- 

pi|KW. 

Mr.  H.  Steel,  Jersey  City,  U.S.,  exhibited  a 
steam-pump  without  a  flywheel.    It  has  «dy 

Fio.  37*. 


put  a  greater  total  load  on  the  piston  than  about 
16  lb.  i>er  square  inch,  including  the  friction  of 
the  engine,  this  total  load  being  the  total  pres- 
sure on  the  piston  measured  by  an  indicator, 
and  averaged  over  the  whole  length  of  the 
stroke.    Now,  in  engines  worked  in  the  man- 
ner above  descrilied,  at  an  average  sj>eed  of 
about  7  strokes  per  minute,  there  is  no  diffi- 
culty in  maintaining  a  vacuum  in  the  condenser 
within  If  inches  of  mercury  of  the  atmosphere 
at  the  time.    Observations  on  this  point  have 
l>eeii  made  for  years,  from  which  is  deduced  an 
average  of  TGG  inch  below  the  atmospheric 
barometer  at  the  time.    Hence  the  average 
vacuum  maintained  in  the  condenser  may  safely 
be  taken  at  28  inches  of  mercury,  or  13  75  lb. 
j>er  square  inch.    This  in  action  throughout  the 
stroke  leaves  only  the  remainder,  2-25  lb.  per 
square  inch  to  Ik*  made  up  by  the  pressure  of 
the  steam,  in  order  to  balance  the  total  load  of 
10  lb.  j»er  square  inch  on  the  piston,  and  there- 
fore a  somewhat  greater  pressure  of  steam 
than  2"251b.  j>er  square  inch  als>ve  the  atmo- 
sphere, kept  on   the  piston   throughout  the 
whole   stroke,   would   produce   motion.  If, 
however,  steam  of  a  much  higher  pressure 
be  admitted,  the  motive  force  will  !*•  greater 
than  the  load,  and  it  will  be  necessary  to 
stop  the  admission  of  the  steam  at  some 
l>oint  before  the  end  of  the  stroke,  leaving 
the  steam  to  expand  through  the  remainder 
of  the  stroke,  in  order  that  the  total  power 
may  not  be  in  excess  of  the  load  to  a  greater 
extent  than  is  necessary  to  produce  the 
required  8j»ced  of  motion." 

Messrs.  Harvey  it  Co.  also  exhibited  Hus- 
bands safety-balance  valve,  for  pumping 
engines.  It  is  fixed  in,  and  forms  a  part  of 
the  main  pijies  for  conveying  the  water, 

and  by  its  action  an  engine  retains  its  load  in  ]  one  steam-cylinder  and  one  pump  ;  the  slide- 
case  the  main  should  burst     It  performs  the 
office  of  a  stand-pijve,  and  is  intended  to  super- 
sede that  costly  structure, 

MM.  Farcot  «fc  Sons,  Port  St  Ouen  (Seine), 
exhibited  a  force-pump,  in  which  the  uniform 
motion  of  the  water  is  obtained  by  means  of 
two  ecpial  pistons,  with  valves  affording  very 
large  water-ways,  working  parallel  to  each  other 
in  two  pump-cylinders.  During  the  successive 
strokes  the  first  piston  draws  in  water  by  its 
upper  surface,  and  delivers  it  to  the  ascending 
column  by  causing  it  to  traverse  the  second 
piston.  In  its  ascending  course  the  second 
piston  raises  in  its  turn  the  column  of  water  by 
its  upper  face,  whilst,  the  lower  face  draws  the 
water,  causing  it  to  traverse  the  first  piston. 
This  pump  works  well,  and  is  adopted  in  the 
water-supply  of  Paris, 

M.  Lctestu,  Paris,  exhibited  some  well  known 
pumps,  as  well  as  a  double  pump  of  large  di- 
mensions, for  drainage  purposes.  A  flexible 
water-pipe  of  leather  is  exhibited  ;  it  is  14 


Titas  Stiam-Esoi.-ox,  by  Mr.  Henry  Slcel,  New  Jersey,  t'.S. 


valve  is  brought  into  action  instmtaneously  at 
each  stroke  of  the  piston  by  means  of  a  Miull 


very 


ingeni"u«lv 


supplementary  steam-piston 
disposed  (fig.  374). 

Mr.  11.  H.  Worthington,  New  York,  exhi- 
bited a  direct-action  dtipl&c  pump,  conqsised  "f 
two  steam-cylinders  and  two  pumjia,  on  two  rrd> 
each  to  each.  The  steam  slide-valve  is  guided 
in  each  machine  by  the  piston-rod  of  the  other : 
by  this  means  the  movements  are  simultaneous 
in  opposite  directions  with  perfect  regularity. 

Air.  T.  Hansbrow,  California,  exhibited  the 
California  hand-pump,  which  is  compactly 
arranged,  with  a  horizontal  barrel  fixed  up'ii 
an  upright  standard,  the  piston  of  which  derives 
its  motion  from  an  interior  slide,  working  iti 
guides  under  the  barrel,  and  attached  by  »n 
ana  to  the  piston  rod.  The  slide  is  moved  by 
a  handle  and  lever  working  in  a  slot  in  the 
guide.  It  is  fitted  with  suction  and  delivery 
air-vessels,  and  possesses  the  peculiar  features 
that  it  receives  the  water  from  above  the  IkutvI 


inches  in  diameter,  and  is  fortified  by  curved     and  is  always  charged. 
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CHAPTER  IV. 
CHAIN- Pl'Mrs. 

The  ordinary  objections  to  the  use  of  endless 
chain-pumps  art;  the  great  space  required  for  the 
howl  ami  foot-gear,  the  depth  of  water,  the 
liability  to  choke,  and  the  great  number  of  lifts 
employed  in  their  construction. 

Mr.  T.  Middlcton,  London,  exhibited  Murray's 
chain-pump,  in  action,  intended  to  obviate  those 
objections.  Frictional  resistance  is  reduced  by 
usiny  only  three  or  four  lifts  iustewl  of  twenty 
or  thirty.  The  lifts  are  jointed  to  the  chains, 
so  ns  to  settle  at  right  angles  to  the  ascending 
line  of  chain  within  the  barrel.  The  chains  pass 
under  a  roller  at  the  foot,  and  are  driven  by  a 
small  pitch-wheel  at  the  top  over  which  they  are 
conducted,  and  which  are  driven  by  appropriate 
gearing.  The  lifts  feather  in  passing  over  the 
wheel,  to  the  descending  side,  and  only  unfold 
when  brought  round  to  the  ascending  side  ;  thus 
the  pump  is  enabled  to  take  oft'  the  water  with 
the  same  dip  as  other  pumps.  The  pump  is  not 
liable  to  be  choked,  as  it  may  be  freed  from  solid 
.substances  accidentally  getting  between  the  lift 
and  the  barrel;  such  substances  can,  by  a  back 
turn  of  the  chain,  be  immediately  released  and  j 
earned  up  in  the  stream.  The  speed  can  be  varied  ■ 
probably  to  a  much  greater  degree  than  that  of 
other  pumps,  without  incurring  the  risk  of  break  j 
age  or  derangement,  whilst  they  do  duty  in  pro- 
I>ortion  to  the  speed  at  which  they  are  driven. 
As  they  have  a  continuous  motion,  and  have  no 
valves  subject  to  get  out  of  order,  they  do  not  i 
require  to  be  charged  with  water  in  order  to 
obtain  a  vacuum. 

The  pump  which  is  illustrated  (fig.  37.5),  has  a  j 
lift  io  loot  high,  the  barrel  is  30  inches  by  10 inches 
in  horizontal  section,  and  is  made  of  cast-iron 
plates,  of  which  the  joints  are  planed  and  bolted 
together.  The  chains  ami  bearings  are  of 
wrought-iron,  and  are  steeled,  when  necessary, 
to  resist  the  action  of  grit  or  sand  washed  up  on 
the  working  parts.  The  chains  are  of  great 
strength,  and  are  fitted  with  lifts  at  about  10 
feet  ajwrt.  The  ordinary  sj>eed  of  the  chain  for 
this  size  of  pump  is  20(»  feet  per  minute ;  but  it 
may  be  increased  to  300  feet  per  minute,  as  at 
the  Crossness  Pumping  Station,  Erith  Marshes, 
on  the  Main-Drainage  Works,  where  two  such 
pump*  are  employed.  The  quantity  of  water 
lifted  at  the  ordinary  speed  —  200  feet  per 
iniuute — is  said  to  lie  about  2,200  gallons  per 
minute ;  the  pump  shaft  makes  about  thirty- 
three  revolutions  jier  minute,  and  is  driven  by 
a  toothed  wheel  and  pinion,  in  the  proportion  of 
3^  to  1,  a  half-pully  3  feet  -1  inches  in  diameter 
ln'iiig  fixed  on  the  pinion-shaft-,  and  driven  by 
a  belt  from  the  engine.  Each  pump  is  driven 
by  a  horizontal  engine  of  30-horse  |>ower,  having 
an  18-inch  cylinder,  with  a  3-feet  stroke,  making 
thirty  revolutions  ]>er  minute,  with  steam  of 
32  lb.  pressure  per  inch  in  the  Waler.  Another 


Mi~ cb.it' i  Csuut-ri  vr,  by  Mr.  T.  MiJtiXon,  London. 
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such  pump  has  worked  for  two  years  at  the 
Dcptford  Pumping  Station,  without  having  re- 
ceived any  repair. 

Two  chain-pumps,  witli  barrels  S  feet  long  Viy 
15  inches  wide,  have  been  at  work  in  Sweden 
since  the  year  1859,  in  the  reclaiming  of  land, 
and  have  raised  from  20,000  to  22,000  gallons 
per  minute,  10  feet  high,  with  a  70  horse  js>wer 
engine. 

The  greatest  lift  yet  made  by  Murray's  chain- 
pump  has  been  GO  feet  high  ;  and  it  is  considered 
that  100  tons  of  water  per  minute  could  be 
lifted  100  feet  high.  The  greatest  pitch  or  dis- 
tance apart,  of  the  lifts  upon  the  chain  that  has 
been  practised,  is  12  feet.  10  to  12  feet  of 
pitch  has  lieen  found  as  efficient  in  performance 
as  a  shorter  pitch,  with  more  numerous  lifts. 
According  to  the  results  of  observations  taken 
under  Mr.  Lovick's  directions  for  the  Metro- 
politan Board  of  Works,  to  ascertain  the  useful 
work  done  by  Murray's  chain-pump,  the  slip  of 
the  lifts,  which  work  within  the  barrel,  and  are 
\  inch  shorter  each  way  than  the  dimensions  of 
the  barrel,  for  clearance,  averaged  20  j*u-  cent 
of  their  motion  ;  and  the  useful  work  done 
averaged  about  63  per  cent  of  the  indicator 
horse-power  of  the  engine. 

Mr.  J.  U.  Rustier,  London,  exhibited  a  gniafl 
cJutin-pnmp  in  action.  An  ordinary  endless 
chain  is  moved  by  a  pitched  wheel,  and  turned 
under  a  roller  IkjIow,  The  pitched  wheel  was 
alnait  3  metres  in  circumference,  pitched  in 
three  segments,  coinciding  with  the  pitch  of  the 
discs  or  lifts,  which  were  one  metre,  or  3  feet 
33  inches,  apart  on  the  chain.  The  discs  are 
fitted  with  india-rubber  washers  which  nearly 
fill,  and  slide  smoothly  within,  the  barrel,  which 
is  of  glass-enamel  led  iron  tulx>  4  $  inches  in  dia- 
meter. The  lower  part  of  the  barrel  is  slightly 
contracted  to  allow  the  discs  to  pass  with  slight 
friction,  and  prevent  all  loss  of  water.  This 
pump  worked  very  well  at  the  9-feet  lift  to 
which  it  was  applied,  and  with  very  little  slip. 
It  is  not  a  bad  pump  for  clear  water  and  small 
bores,  and  would  probably  prove  more  efficient 
than  a  common  pump.  For  large  sizes  it  would 
not  be  likely  to  answer  :  the  buckets  would  fall 
flat  on  the  surface  of  the  water  to  be  lifted,  as 
there  is  no  provision  for  feathering  them. 


CHAPTER  V. 

TURBINES. 

Professor  W.  J.  Macquome  Rankinc,  Mem- 
ber of  the  Jury  on  "Machinery  in  General," 
rejxirting  on  prime  movers,  remarks  that  the 
"  conditions  to  l)e  fulfilled  in  order  that  the 
efficiency  of  a  turbine,  or  water-wheel  of  any 
other  kind,  may  lx>  the  greatest  possible,  are 
that  the  water  shall  l>egiii  to  act  on  the  wheel 


without  shock,  and  shall  leave  it  with  no  more 
velocity  than  is  necessary  in  order  to  prevent 
the  wheel  from  being  choked  with  back-water.  " 
"  Turbines,"  he  continues,  11  have  been  classed 
according  to  the  general  direction  of  the  flow  by 
which  the  water  is  carrhsl  through  the  wheel, 
bldc|K>n(lentlv  of  the  whirling  motion  which  is 
first  impressed  on  the  water  by  the  guide-blades, 
and  afterwards  taken  away  during  the  action  of 
the  water  on  the  wheel.  *'  The  turbines  exhi- 
bited, comprised  examples  of  "outward-flow" 
turbines,  in  which  the  general  flow  of  the  water 
is  from  the  axis ;  "  ]>arallel-flow  "  turbine*,  in 
which  the  general  flow  of  the  water  is  jwntllel 
to  the  axis  ;  and  of  "  an  inward-flow "  turbine, 
in  which  the  general  flow  is  toward  the  axis. 
u  In  order,  "  adds  Professor  Bankine,  M  that  the 
conditions  of  greatest  efficiency  may  lie  fulfilled 
with  different  loads,  the  mode  of  varying  the 
quantity  of  water  supplied  ought  to  l>e  such  as 
to  change  as  little  as  |>o«sible  the  speed  of  the 
whirling  component  of  its  motion.  This  is 
effected  in  ])arallel-flow  turbines  by  supplying 
the  water  through  a  ring  of  orifices,  a  greater 
or  less  number  of  which  are  completely  closed 
when  the  supply  Ls  to  l>e  varied,  so  that  all  the 
orifices  which  are  oj>en  are  fully  oj»en.  In  the 
inward-flow  turbine,  or  "  vortex-wheel,  "  the 
same  object  is  obtained  by  varying  the  obliquity 
of  the  guide-blades. 

Messrs.  Easton,  Amos,  &  Sons,  London,  ex- 
hibited a  Fourneyron  turbine,  outward-flow  :  it  is 
compact  and  accessible,  and  contains  a  gotsl 
gulating-gate,  for  controlling  the  supply  of  water, 
luul  a  good  method  of  suspension. 

Messrs.  Bryan  Donkin  <fc  Co.,  London,  exhi- 
bited a  paraUelrflcw  turbine  suitable  for  a  liigh 

Fig.  376. 


P *  in  1. 1. r  1. -  F r. o w  Trims!,  bj  Mmoi.  Brrtn  Donkin  &  r  . 
London,  a,  rerolring  ring  with  bucWta ;  b,  md  ir  -: 
valve-tackle ;  e,  upright  ihaft ;  </,  bearing  brmai ;  t,  cupptv- 
pipe. 

fall  of  water.  The  turbine  consists  of  a  revolving 
ring  or  bucket-wheel  with  descending  eurvej 
vanes  keyed  on  an  upright  shaft,  wiiich  coni- 
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municate*  the  power ;  the  weight  is  supported 
from  a  bearing  above  the  surface  of  the  water 
and  easily  accessible.  Tlie  water  is  guided  Luto 
the  vanes  of  the  revolving  ring  by  curved  vanes 
or  guide-plates  in  a  stationary  ring,  through 
which  it  descends  and  is  directed  upon  the 
moving  vanes  in  the  direction  of  their  motion, 
these  vunes  being  bo  curved  reversely  as  to  re- 
ceive the  force  of  the  water,  which  drops  from 
them  into  the  tail-water  with  little  velocity.  The 
turbine  Is  reported  to  lie  capable  of  utilizing 
7.3  or  76 per  cent,  of  the  whole  power  of  the  fall 
(fig.  370). 

The  North  Moor  Foundry  Company,  Oldham, 
exhibited  horizontal  and  vertical  parallel -flow 


V  H*T.I.»uFM»W  Ti  HUB,  by  the  North  Moor  Foundry  Company,  Oldham 


turbines,  which  are  novel  and  ingenious.  To 
the  horizontal  turbine,  with  a  vertical  shaft,  the 
water  is  conducted  by  a  pipe  into  a  spiral 
water-chamber  surrounding  the  wheel,  from 
which  it  is  guided  through  the  water-ports 
horizontally  on  to  the  middle  of  the  circum- 
ference of  the  wheel,  so  as  to  enter  the  curved 
wings  or  buckets  without  any  shock,  and  after 
traversing  them  it  passes  off  vertically,  or  nearly 
so,  on  both  sides  of  the  wheel,  above  and  below, 
to  the  tail-race.    The  buckets  are  for  this  pur- 


pose constructed  in  two  lings,  with  reverse 
curvature,  meeting  at  the  middle,  where  the 
water  enters,  and  is  divided  equally  between  them. 
In  thus  acting  on  lioth  sides  of  the  wheel,  the 
water  does  not  exert  any  pressure  upon  the 
footstep.  The  wheel  also  is  cast  hollow,  and  is 
made  water-tight,  so  that  it  Ls  partially  floated 
by  the  water  ;  and  the  balance  of  strains  can  be 
perfectly  adjusted  by  suitably  proportioning  the 
divided  currents  of  water  bctweeu  the  upper 
and  lower  rings  of  buckets  (lig.  377). 

In  the  arrangement  of  the  vertical  turbine 
with  a  horizontal  shaft,  the  water,  as  it  leaves  the 
wheel  on  both  sides,  Ls  collected  in  a  chamber — a 
casing  which  encloses  the  whole — from  which  it 
is  taken  to  the  tail-race  by  a  pipe  of 
the  same  diameter  as  the  supply- 
pipe.  If  the  tail-raco  be  below  the 
turbine,  the  vacuum  or  suction  due 
to  the  difference  of  level  adds  to  the 
effect  of  the  pump,  as  if  it  were  so 
much  superincumbent  pressure ;  and 
the  turbine  may  1*  placed,  without 
injuring  its  efficiency,  at  any  part  of 
the  fall  not  exceeding  33  feet  above 
the  tail-water.  In  some  instances  the 
vertical  turbines  have  been  worked 
altogether  by  means  of  suction,  being 
situated  at  the  top  of  30-fcet  falls. 
As  thetail-water  isdischarged  through 
a  pi)>e  of  the  same  diameter  as  the 
supply-pipe,  and  must  pass  off  with 
the  same  velocity  as  that  with  which 
it  approaches,  a  portion  of  the  useful 
effect  Ls  sacrificed  thereby. 

Messrs.  Richard  Roberts  «fe  Co., 
London,  exhibited  a  drawing  and  a 
model  of  a  higl^jtrtmnire  balanceil 
turbine  with  parallel  How,  in  which 
the  admission  of  water  takes  place 
from  below.  Tho  upward  action  of 
tho  water  thus  balances  the  weight 
of  the  turbine. 

MM.  Fontaine  x  Brault,  Chartrcs, 
exhibited  the  Fontaine  turbine  (int- 
ra II  el  flow),  in  which  the  water  is 
received  from  above,  and  discharged 
below  tho  wheel.     The  supply  of 
water  Ls  regulated  bv  means  of  two 
sheets  of  gutta-percha,   which  are 
rolled  or  unrolled  upon  two  cones  on 
opposite  sides  of  the  machine,  over 
the  openings  for  the   admission  of 
water  to  the  fixed  guide  plates,  so  sus  to  regulate 
the  nuud>er  to  be  oj>en  according  to  the  supply 
of  water. 

Messrs.  Williamson  Brothers,  Kendal,  exhi- 
bited a  vortex  or  imcarJjlow  turbine  at  work  on 
a  fall  of  M  feet.  The  vortex-wheel  Ls  made 
with  radiating  vanes,  and  is  surrounded  by  an 
annular  case,  closed  externally,  and  open  inter- 
nally to  the  wheel,  having  its  inner  circum- 
ference fitted  with  four  curved  guide-passages. 
The  water  Ls  admitted  by  one  or  more  pijKJS  to 
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the  case,  and  issues  centripetally  through  the  wheel;  the  water  acting  against  the  vanes  of  the 
guide- [wiHsages  upon  the  circumference  of  the  [  wheel,  tins  wheel  is  driven  round  at  a  velocity 


Flo.  379. 


A*orr«x  oi  Inn  ikd-Klow  Ttanixi,  by  Mc  -rs.  Williamson  Bixtben.  Krndai. 


Flo.  S7» 


The  guide-Llades  are  pivoted  n«ir 
their  point*,  and  are  moved  on  these 
hv  means  of  a  system  of  cranks  and 
links,  so  ns  to  widen  or  narrow  the 
four   passages    simultaneously  :ind 


Fic.  3*>. 


Vonrx-TcnniM.   (I'cr«p*(>tiTe  View.) 

dependent  on  the  weight  of  the  full,  and  Die 
Water  having  exju-nded  its  force  passes  towards 
and  out  at  the  centre. 


GrrPK.Bt.iBK*  for  th*  Yorlfx  Tarbine.  in 

equally.  When  there  is  a  maximum 
supply  of  water,  the  guide  Mades  are 
opened  to  their  full  extent,  and  the 
water  flows  into  the  wheel  round  its 
entire  circumference  with  the  velo- 
city at  which  the  outer  circumference 
of  the  wheel  is  moving,  and  without 
change  of  direction,  and  tht-rvfore 
without  loss  fn.»m  impact  or  shock. 
With  u  less  supply  of  water,  the  ori- 
fices are  contracted  by  collapsing  or 
mo\  ing  the  guide  hlades  towards  each 
other,  so  that  the  reduced  Quantity 
of  water  enters  the  wheel  without  nny  reduction 
of  its  velocity,  and,  in  all  cas^-s,  round  the 
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entire  circumference.  Literally,  the  motion 
of  the  water  is  not  exactly  tangential,  but 
spiral,  ami  may  lie  resolved  into  two  com- 
ponents, one  of  them  tangential  and  the  other 
radial.  The  radial  movement  is  very  small, 
and  the  proper  circumferential  speed  of  the 
wheel  is  almost  the  Mime  aH  the  actual  velocity 
with  which  the  water  enters,  or  that  due  to 
half  the  fall.  The  centrifugal  force  in  the 
wheel  arising  from  this  velocity,  is  lialanced 
by  the  contrary  fluid  pressure  due  to  the  other 
half  of  the  fall,  so  that  only  one-half  of  the 
■work  tlue  to  the  fall  is  employed  in  communi- 
cating ti$  viva  to  the  water,  to  be  afterwards 
taken  from  it  during  its  passage  through  the 
wheel,  the  remainder  of  the  work  l>eing  commu- 
nicated directly  through  the  fluid  pressure  to 
the  wheel.  By  this  arrangement  the  velocity 
of  the  water  when  it  moves  fastest  in  the  ma- 
chine is  very  much  reduced,  compared  with  other 
turbines,  and  the  loss  due  to  the  retarding  action 
of  channels  or  passages  is  diminished. 

According  to  the  results  of  a  series  of  experi- 
ments for  ascertaining  the  efficiency  of  the  vortex, 
published  in  Mr.  Fairbairn's  "  Mills  and  Mill- 
work," — although  they  were  made  with  a  supply 
of  water  considerably  below  the  standard  quan- 
tity, and  with  a  vortex  in  its  ordinary  working 
condition, — an  efliciency  of  77*55  per  cent,  was 
obtained  when  running  at  ita  proper  speed. 

The  vortex-turbine,  illustrated  by  the  an- 
nexed figures  (figs.  378,  379,  38(1),  was  con- 
structed for  a  fall  of  250  feet,  and  was 
designed  to  give  70  horse-power  at  the  standard 
ojiening  of  the  guide-blades.  To  obtain  the 
unusually  high  fall  of  2.10  feet,  it  has  lieen 
necessary  to  convey  the  water,  for  a  distance  of 
a)»out  a  mile,  in  oj»en  timber  trough ing,  placed 
almost  on  n  level,  and  from  this  it  is  carried  to 
the  vortex  by  iron  pipes  of  18  inches  in 
diameter,  and  about  700  feet  in  length.  The 
water  is  admitted  at  the  lower  side  of  the 
vortex-case,  in  order  that  the  supply-pipe  may 
l»vss  under  the  floor  of  the  mill,  and  thus  be 
entirely  out  of  the  way,  occupying  no  useful 
■pace  in  the  building.  For  convenience  in  the 
application  of  the  power,  the  vortex  is  placed 
vertically,  and  stands  within  the  building  ujkhi 
a  foundation  consisting  simply  of  two  large 
stones  ;  the  water  is  taken  from  the  wheel  by 
suction-pipes,  which  pass  at  an  angle  through 
the  mill  floor  into  the  tail-race,  and  the  portion 
of  the  fall  liehind  the  wheel  is  thus  rendered 
available.  At  the  entrance  from  the  supply- 
pi|s'  to  the  vortex  is  an  equilibrium  sluice-valve, 
for  shutting  olf  the  water.  The  shaft,  on  which 
the  revolving  wheel  is  keyed,  being  horizontal, 
the  power  is  transmitted  from  it  by  spur-wheels 
to  the  main  shaft  of  the  mill,  ami  thence  it  is 
applied  to  the  machinery  by  belts  and  pulleys 
in  the  usual  way.  The  vortex-shaft  is  carried 
through  a  stuDing-hox  on  the  side  of  a  suction- 
pijw.  The  vortex-wheel  makes  1,1  2.j  revolu- 
tions per  minute.     In   consequence   of  the 


extremely  high  velocity  with  which  the  water 
moves,  the  fall  being  so  great,  through  the 
guide-passages  and  channels  of  the  wheel,  it  is 
im]K>rtant  that  these  parts  should  lie  free  from 
the  slightest  roughness — such  as  might  arise 
from  corrosion  if  constructed  of  iron.  For  this 
reason  all  the  parts  where  the  water  has  a  high 
velocity — the  guide-blade  chamber,  guide-blades, 
and  revolving  wheel — are  made  of  brass.  The 
vanes  are  of  rolled  brass,  as  it  is  needful  that 
they  should  be  very  thin.  P  is  the  supply-pipe, 
which  conveys  the  water  to  the  vortex,  v,  the 
equilibrium-valve,  by  which  the  wheel  is  started 
or  stopped,  C,  the  outer  or  supply  chamlier  of 
the  vortex,  which  is  of  large  size,  so  that  the 
water  may  pass  from  the  pijie  at  a  low  velocity 
to  the  guiile-jMissages.  G,  O,  are  the  guide-blades, 
four  in  number  ;  these  form  four  passages, 
which  converge  from  the  entrance  to  the  point 
of  discharge,  so  that  the  water  very  graduallv 
increases  its  velocity  until  it  attains  its  maximum 
sjieed  as  it  enters  the  wheel,  where  its  direction 
is  neairly  tangential.  u  is  an  iron  ring,  to 
which  the  outer  ends  of  the  guide-blades  aro 
attached  by  links ;  the  guide-blades  fit  accurately 
between  the  upper  and  lower  sides  of  the 
chamber,  but  are  made  movable  ujKin  gudgeons 
near  their  jiointA.  By  means  of  the  liand-wheel, 
H,  working  a  screw  within  the  case,  the  ring 
can  be  made  partially  to  revolve,  and  thus  to 
move  the  four  guide-blades  simultaneously,  and 
to  open  or  contract  the  orifices  at  their  point*, 
to  suit  varying  quantities  of  water.  Whatever 
the  quantity  of  water  used,  it  always  leaves  tho 
guide-passages  at  the  narrowest  part,  and  with 
the  full  pressure  and  velocity  required  for  the 
greatest  effect,  w  is  the  revolving  wheel,  which 
is  keyed  u|M>n  the  driving-shaft,  D.  The  water 
is  discharged  at  each  side  of  the  wheel,  ami 
passes  through  the  suction-pipes,  s  s,  into  the  tail- 
race.  A  portion  of  the  wheel  is  represented  on 
a  larger  scale  (fig.  380)  to  show  the  curvature  of 
the  vanes.  Alternate  vanes  aro  made  shorter  than 
the  others,  so  that  the  passages  towards  the 
inner  circumference,  where  there  is  necessarily 
less  space  than  at  the  outside,  may  not  lie  un- 
duly contracted. 


CHAPTER  VI. 

WATER-PRESSURE  ENGINES  AND  HYDRAULIC  RAMS. 

Sir  "VV.  G.  Armstrong  &  Co.,  Newcastlc-on- 
Tyne,  exhibited  wafer -pressure  engine*  capable 
of  working  or  standing  still  at  intervals  without 
waste  of  power  or  water.  This  is  effected  by 
an  accumulator,  Wing  a  cylinder  like  that  of  an 
hydraulic  press,  having  a  plunger  loaded  accord- 
ing to  the  pressure  to  lie  maintained.  One  of 
the  engines  has  a  cylinder  and  piston  of  long 
stroke  for  working  a  hydraulic  crano  through 
pulleys  and  chain-tackle ;  another  is  for  pro- 
ducing rotatory  motion  at  high  sjieeds  with 
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three  oscillating  cylinders  working  on  cranks  at 
120°  with  each  other.  "Peliefelacks"  are  fitted 
to  the  cylinder,  which,  when  the  pressure  is 
excessive,  relieve  the  cylinder,  and,  when  de- 
ficient, permit  the  water  to  How  Kick  into  the 
cylinder  from  the  discharge-pipe,  and  thus  pre- 
vent shocks  without  wasting  water.  The  hydraulic 
crane  is  further  noticed  in  a  following  chapter 
on  cranes,  section  VI. 

Messrs.  Garrett,  Marshall,  <fe  Co,  Leeds,  exhi- 
bited Joy's  hydraulic  or gan-blmtxr,  consisting  of 
a  reciprocating  water-engine,  with  a  steady  noise- 
less action.  The  mode  of  action  issimiliarto  that, 
already  descril>ed,  of  Joy's  steam-hammer  (ante, 
page  201).  The  machine  is  of  brass,  with  a 
2-inch  cylinder,  and  5  inches  stroke.  The  mo- 
tion of  the  piston  allowH  the  water  alternately 
to  actuate  the  slide-valve  after  the  piston 
completes  its  stroke.  The  stroke  and  the  speed 
can  lie  regulated  with  nicety  (fig.  3H1). 

Fig.  381. 


Bollee  <fc  Son,  Mans  (Sarthe),  in  which  a  clack- 
valve  is  adopted  analogous  to  double-seated 
valves,  bv  which  the  intensity  of  the  slun  k  is 
diminished  ;  the  pump  feeding  the  air-reservoir 
set  in  movement  by  the  play  of  the  rani,  but 
always  situated  aliove  the  level  of  the  highest 
waters,  works  even  whilst  the  rum  Ls  under 
water,  which  allows  it  to  be  placed  in  such  a 
manner  as  to  protit  by  all  the  height  of  the  61L 
The  valve  is  counterpoised  at  w  ill  by  a  regulator, 
by  means  of  which  the  velocity  of  the  machine  is 
governed. 


CHAPTER  Vir. 
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Jot's  Hydbuxic  OiOiN-Btowra,  hj  Messrs.  Curelt,  Marshall, 


These  machines  may  be  constructed  of  great 
power,  mid  are  said  to  lie  capable  of  working 
under  »uiy  pressure,  and  at  any  sjM'cd  from  1  to 
110  f»n;t  of  piston  per  minute  \  and  they  are 
applicable  to  various  purposes. 

Mr.  E.  O.  Richard,  Canada,  exhibited  a  imtrr- 
wheel,  which  is  u  kind  of  rotary  water-pressure 
engine. 

The  different  hydraulic  rams  do  not  exhi- 
bit any  new  arrangement,  except  that  of  MM. 


The  hydraulic  presses  exhibited  by  Messrs. 
Hughes  »fc  Kimber,  by  Messrs.  Peel,  Williams, 
ife  Peel,  and  by  Messrs.  Samuelson  A'  C->., 
have  already  been  descrilied  (see  pages  246, 
2G4,  and  2GC). 

Mr.  F.  0.  Ward,  London,  exhibited  a 
system  of  double-acting  tteam  hyilravlic- 
pnmjta,  comprising  some  novelties  and 
simplifications.  On  a  hollow  lied,  Herring 
idso  as  a  cistern,  he  groups  a  horizontal 
steam-engine  and  pumps,  thus  compressing 
two  machines  into  the  sjwee  of  one.  The 
pumjw  are  peculiarly  constructed  to  avoid 
accumulation  of  air.  They  arc  also  of 
thrice  the  usual  length,  and  coupled  in 
paii-s  by  a  novel  arrangement,  allowing  all 
four  to  l»e  driven  by  two  connecting-rods. 
That  their  threefold  length  may  not  in- 
volve diminished  directness  of  thrust,  the 
connecting-rods  are  proportionately  length- 
ened. Thus  twelve  pumps  with  their 
twelve  sets  of  valves  are  replaced  by  four, 
and  twelve  connecting-rods  by  two.  This 
cheapened  construction  implies  less  cost  of 
maintenance,  and  less  "  back  slip."  Tin- 
power  is  transmitted  by  pinion  and  spur- 
wheel.  These  are  all  points  of  advantage, 
but  it  is  desirable  to  isolate  the  steani- 

cy  Under  from  the  cistern,  in  order  to  avoid 

cooling  the  steam  (fig.  :1S2). 

Messrs,  E.  T.  Bellhouse  «fe  Co.,  Man- 
chester, exhibited  a  set  of  jour  hydraulic 
ptttnpt,  worked  by  a  combined  steam-engine, 
on  a  diagonal  frame,  and  intermediate  spur 
wheel,  to  reduce  the  sj»eed.  Also,  ntop  and 
let -off'  cock*,  worked  by  a  hand-lever,  by 
which  the  pressure  may  be  put  on  or  taken  e-lF 
instantly. 

Messrs.  Hayward  Tyler  it  Co.,  London,  ex- 
hibited a  drawing  of  a  hydraulic  pre**  Jor  ex- 
pressing tincture*.  The  material  to  l»e  pressed 
is  placed  in  a  box  which  Stands  upon  the  table 
of  the  press.  The  box  is  lined  with  jierforated 
plates  for  the  escape  of  the  fluid,  and  is  with  its 
contents  pressed  upwards  against  the  mallet 
suspended  to  the  head  of  the  press.    The  mallet 
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Fio.  3*1. 


Dolblb-actiso  Steam  IIvdcii  !  ic  Ptrvrs,  t'y  Mr.  K.  0.  Ward,  London. 
Fio.  383. 


M.  Lecointe,  St.  Quentin  (Aisne),  exhibited 
u  HVAtt'iii  df  working  a  numlier  of  hydraulic 
presses  under  a  continuous  pressure.  His  appa- 
intus  of  pumps  and  cisterns  can  supply  twelve 
presses.  It  consists  of  two  fui >  '•  pump- ,  the 
contents  of  which  arc  let  into  a  reservoir  of 
variable  capacity  by  the  play  of  a  plunger  mov- 
ing vertically,  weighted  to  1,200  or  1,400  lb.  to 
tin-  sipiare  inch.  It  Is  this  reservoir  which  dis- 
tributes the  water  to  the  presses  at  this  constant 
pressure.  If  the  pumps  furnish  more  waiter  than 
is  used,  the  regulating  piston,  arriving  near  the 
extremity  of  the  stroke,  raises  a  balance-weight, 
the  action  of  which  immediately  cuts  oft' the  action 
of  the  pumps.  The  power  returns  as  soon  as  the 
piston  of  the  reservoir  is  lowered  ;  but  this  return 
of  power  is  combined  in  such  away  that  it  takes 
place  only  at  the  commencement  of  the  stroke  of 
the  piston,  so  an  to  drive  the  waiter  with  slow 
velocity  at  first — essential  to  the  preservation  of 
the  machine.  The  mechanical  regulator  is  in- 
genious;  but  it  would  be  advisable  to  aivoid  the 
noisy  shock  of  the  connecting-rod  against  the 
clutching-lever,  which  continues  as  long  as  only 
one  of  the  pumps  is  in  action. 


Fio.  3a*. 


Tncrru-FiHn,  tiy  KftMrt,  Ilnvward  Tyler  \  Co.,  London 


is  slid  laterally  out  of  the 
way,  to  give  access  to  the 
inside  of  the  Imjx  (tig.  383). 

The  same  exhibit,  in 
showed  a  drawing  of  a 
hydraulic  jrregg  and  pump 
for  ttxting  iron  girder*, 
to  which  ai  pressuie-gauge 
is  attached,  to  show  tho 
exact  degree  of  pressure 
applied  (tig.  384). 


Pboyiho-Pbsi*  Fob  Uibdku,  with  Naylor's  Pressure. gauge,  by  Mfus.  Havward  Tyler  &  Co. 
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CHAPTER  VIII. 


KIRE-EXOIXES. 


The  object  of  a  fire-engine  is  to  deliver  a 
stream  of  -water  in  a  certain  quantity  u]»on  a 
given  point ;  ami  its  the  projection  of  a  stream 
of  water  at  a  high  velocity  from  the  nozzle  of 
the  hose  can  only  be  effected  by  the  exertion  of 
a  considerable  degree  of  pressure  within  the 
engine,  it  is  of  great  importance  that  the  whole 
of  the  working  ]>arts  coming  in  contact  with  the 
■water  should  be  thoroughly  water-tight.  It  is  fur- 
ther of  im]K>rtance  that  the  current  should  be  pro- 
jected inacompact  body — notwastefully  dispersed 
by  the  resistance  of  the  air.  By  dls|>ersion,  it  may 
be  delivered  either  wide  or  short  of  the  mark. 

The  Rjwcial  jury  upjiointed  for  fire-engines 
submitted  several  of  those  exhibited  to  trial. 
The  distinctive  featuro  in  the  trials  conducted 
by  the  jury,  as  conqtared  with  previous  exjx;ri- 
ments,  was  the  measurement  of  the  water  after 
deliver}',  which  was  accomplished  in  the  follow- 
ing manner  : — "  Water  targets  were  constructed, 
consisting  of  hoods  of  canvas,  with  a  circular 
opening  of  six  feet,  this  space  being  considcied 


the  utmost  limit  to  which  a  jet  can  spread  with 
out  l«ing  dissipated  into  spray,  and  ho  liecomin^ 
useless  when  projected  on  a  tire.  These  Urgvt- 
were  elevated  on  a  horizontal  cross  pole,  vbidi 
was  raised  to  any  required  elevation  on  posts 
erected  for  the  purpose.  To  each  target  wa> 
attached  a  tail  or  shoot,  also  of  canvas  through 
which  the  water  which  struck  inside  the  target 
was  conducted  into  a  gauged  trough  or  tank 
which  stood  lielow,  and  in  which  the  quantity 
delivered  was  read  off  from  a  graduated  index. 
M  Owing  to  the  extreme  clearness  of  the  atino 
sphere,  and  the  almost  totsd  absence  of  wind,  th< 
day  selected  for  the  trial  of  manual  fire-engine* 
proved  in  the  highest  degree  favourable  for  the 
purpose.  The  barometer  stood  at  '2\)~S7  inches.' 
The  pressure  of  the  wind  was  J  lb.  per  square 
foot. 

Manual  Firt-en(jine.». — Thirty-soven  English 
and  six  foreign  manual  fire-engines  were  ex- 
hibited by  ten  English  and  five  foreign  manu- 
facture rs. 

Messrs.  Merry  weather  <t  Son,  London,  ex 
hihited  two  brigtuh  Jire-entfiiie*.    The  first  liad 
two  7 -inch  cylinders,  with  8  inches  stroke  <>f 
piston.  The  stroke  of  the  handles  was  34  inches. 
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Cocstit  Bcigadi,  or  Monti.  Pi  aim  Kim-EsaiMt,  by  Mrari.  Merrrw*»thcr  4  Sod,  Loodon. 


The  suction-hose  was  3  inches  and  the  delivery- 
hose  2 A  inches  in  diameter.  An  engine  of 
identical  proportions,  constructed  by  the  same 
exhibitors,  and  highly  finished  and  ornamented, 
was  also  exhibited,  as  "  Hodges'  Testimonial," 
having  been  presented  to  Mr.  Hodges,  of  Lam- 
beth, captain  of  the  well-known  volunteer  fire- 
brigade  established  and  maintained  by  him, 
and  bearing  his  name,  by  the  inhabitants  of 
Lambeth.  The  second,  or  country-brigade  fire- 
engine,  is  of  a   smaller  size,  having  G-inch 


cylinders.  In  all  these  engines,  the  valves  and 
jiassages  are  arranged  as  nearly  as  j>osaible  in  a 
direct  line,  that  the  water  may  flow  unimpeded 
through  the  pumpa  ;  and  no  water  Is  allowed  to 
remain  in  the  pumps  when  at  rest,  so  that  no 
duuger  is  to  be  apprehended  from  the  freezing 
of  the  water  in  frosty  weather.  The  air-vessels 
are  large,  and  an  india-rubber  Iwll  containing 
air  is  intriHhieed  into  them,  so  that  the  air  cau 
never  lie  entirely  driven  out  of  the  air-ves*Ls 
{fig.  383). 


Digitized  by  Google 


FIRE-ENGINES. 


397 


Messrs.  Shand  <fc  Mason  (now  Shand,  Mason, 
«fc  Co.),  London,  exhibited  several  sizes  of  fire- 
engine*.  The  first  is  of  the  brigade  pattern,  liav- 
ing  two  7-inch  cylinders,  with  8  inches  stroke  ; 
Kiiction-hose  2  J  inches,  and  delivery-hose  2  \ 
inches.     Another  was  constructed  on  Captain 


I  Fowke's  military  pattern,  with  G-inch  cylinders ; 
i  and  a  third  engine  luul  9-inch  cylinders,  with 
i  8  inches  of  stroke. 

The   annexed   tabic  contains  the  principal 
dimensions  of  all  the  manual  lire-engines  sub- 
t  mittcd  for  trial. 


PRINCIPAL  DIMENSIONS   OF  THE  MANUAL  FIRE-ENGINES. 


>"umber 

of 
Engine. 


Name  of  Constructor  and 


No. 
1 

2 

3 

4 

5 

G 
7 
8 
U 
10 

11 


SHAKO  &  Mason  (Brigade  pattern)   

MSHTWEATIIKK  &  Son  (Brigade  pattern)   

Rose  (Brigade  pattern)   

Mekktwkatiikr  &  Son  (Hoilgca'  Testimonial)  ... 

Shand  &    Mason    (Captain    Fowke's  Military 
Pattern). 

Merrvweathek  &  Son  (Country-Brigade  Pattern) 


Blinkhorn  &  Co.  (Double-action)  

Shand  Sc  Masox  

Buot  oirrox  Copper  Company  (Brigade  Pattern). 
Letesti-  (French)  


Dia- 
meter 
of 

of 

oni  en  i » 

or 

of 

Diameter  of 
Hose-Pipes. 

Cylin- 
der!. 

Pistons. 

Cylinders. 

Handles 

ueuvcr> 

Inches. 
7 

Inches. 
8 

Gallons. 

Inches. 
33  J 

Inches. 
2} 

Incbe*. 
-i 

7 

2-22 

31 

3 

n  I 
-  J 

/ 

U.I 

0  1 

—  —  kJ 

11 1 

3 

2J 

7 

8 

2'22 

31 

3 

21 

C 

8 

103 

42J 

3 

21 

6 

8  2 

107 

31 J 

21 

21 

91 

311 

170 

38 

3 

-  i 

7 

8 

222 

36 

3 

2} 

9 

8 

303 
232 

31$ 

31 

21 

7 

835 

31* 

31 

21 

46 

6-93 

1 

•833 

30 

3 

SM 

The  results  of  the  trials  showed,  that  of  the 
whole  body  of  water  delivered  from  the  engines 
through  nozzles,  estimated  in  terms  of  the 
capacity  and  speed  of  the  pumps,  the  relative 
useful  volume  delivered  for  each  of  the  pumps 
varied  between  the  following  limits  : — 

Per  cent. 

No.  1,  with  1-inch  nozzles  53  to  84 

No.  2,        „  „   35  to  80 

No.  3,        „  „   06  to  75 

No.  4,        „  ,  58  to  59 

No.  5,  with  i-inch  nozzle   82  to  »3 

No.  6,        „  „   73  to  80 

No.  7,  double-action  (broke  down)   

No.  8,  |  j,jncn  nozzie(  one  experiment  ...  73 

No.  9,  with  1-inch  nozzlo   72  to  77 

No.  10,  „    }-ineh     „   63  to  70 

No.  II,  „  -fVinch    „   39  to  07 

Steam  Fire-engines. — The  lirst  land  steam 
tire-engine  was  constructed  by  Mr.  John  Braith- 
waite,  in  1829.  It  was  shortly  afterwards 
followed  by  a  smaller  one,  which  made  its  first 
public  appearance  at  the  huge  fire  in  London, 
when  the  Argyle  Rooms  were  burnt  down,  and 
worked  uninterruptedly  for  five  hours.  Several 
other  steam  fire-engines  have  since  been  con- 
structed at  different  times. 

The  chief  difficulty  in  the  working  of  steam 
fire- engines  lias  been  the  great  length  of  time 


required  for  raising  the  steam.  The  efforts  of 
inventors  and  constructors  for  their  improve- 
ment have  therefore  l>een  directed  chiefly  ujm»u 
the  boiler,  and  with  success. 

Messrs.  Merrvweather  it  Son  exhibited  the 
only  English  steam  fire-engine  that  was  sent  for 
exhibition  —  the  Deluge, — comprising  several 
new  features.  The  boiler,  designed  by  Mr. 
Edward  Field,  is  particularly  adapted  for  raising 
steam  quickly.  It  consists  of  a  number  of 
copper  tubes,  suspended  vertically  from  the  roof 
of  the  fire-box,  over  the  fire,  closed  at  the  lower 
ends,  and  oi>en  to  the  interior  of  the  l>oilcr  at 
the  upper  ends.  Within  each  tube  a  smaller 
tube  is  susjHMided,  to  conduct  the  downward 
current  of  water  neeessaiy  to  replace  the  steam 
formed  in  the  outer  tul>e.  Thus  an  active  cir- 
culation is  induced  within  the  tidies,  so  jiowerftd, 
it  is  said,  that  three  square  feet  of  heating- 
surface  is  sufficient  per  horse  power.  In  the 
free  suspension  of  the  tul>es,  also,  provision  is 
made  for  their  free  expansion  and  contraction. 
There  is  also  an  absence  of  priming  in  this 
boiler,  and  the  accumulation  of  sediment  in  the 
tulies  is  prevented  by  the  violence  of  the  circu- 
lation, iu  virtue  of  which  the  sediment  is  carried 
up  to  the  mud-jacket,  from  which  it  is  blown  off 
iu  the  usual  maimer. 
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The  Deluge  is  fitted  with  one  9-inch  steam- 
cylinder,  and  one  (Ji-inch  water-cylinder,  placed 
horizontally,  in  direct  connection,  with  a  stroke 
of  15  inches.  The  engine  has  no  fly- wheel,  and 
the  Hlide-valve  is  a  piston-valve,  worked  for  a 
j>ortion  of  its  travel  by  a  lever  connected  to  the 
piston-rod  of  the  engine.  The  travel  is  com- 
pleted hy  means  of  a  coiled  spring  acting  \i\nm 
the  valve,  by  the  intervention  of  a  double  in- 
clined plane  and  friction-roller,  by  which  the 
steam-|s)rts  are  quickly  opened.  Tlie  exhaust- 
port  at  one  end  is  closed  a  little  before  tho 
steam-port  at  the  other  end  is  closed,  to  form  a 
cushion   for  receiving  and   bringing  up  the 


steam-piston  at  the  end  of  the  stroke.  Thus  a 
uniform  speed  of  piston  is  obtained, — uniform 
throughout  the  stroke ;  and  a  steady  jrt  of 
water  Is  delivered.  The  valves  of  the  |*wi|> 
arc  so  arranged,  beneath  the  barrel,  that  grit 
and  other  foreign  matter  can  neither  injure  the 
Iwirrel  itself,  nor  remain  in  the  valve-box,  and  so 
that  no  water  can  remain  in  the  valve-box  when 
the  pump  is  ut  rest.  Consequently,  the  punij>  u 
free  from  danger  from  tin;  freezing  of  water  in 
it.  The  engine  can  be  worked  at  any  ^id. 
of  from  1  up  to  200  revolutions  per  minute. 
The  engine  had  a  5-inch  suction-hose,  and  a 
3-inch  delivery-hose  (tig.  3SG). 


STiiX  Fim-Khoiji,  bj  Mr  urn.  MerrvweaOier  &  Soot,  London. 


This  engine  was  tried  at  the  Serpentine  by 
the  jury  on  fire-engines.  My  permission,  two 
steam  fire-engines  constructed  by  Messrs.  Shand 
&  Mason,  London,  wen-  likewise  tried  by  them. 
The  first  and  larger  of  the  two  had  8^-inch 
steam -cylinders  and  7-inch  water-cylinders,  with 
a  9-inch  stroke,  horizontal,  with  a  slotted  cross- 
head,  crank,  and  fly-wheel  motion.  The  1  toiler 
was  vertical,  without  flue -tubes,  and  of  n 
conical  form,  to  give  a  huge  area  of  grate. 
The  base  of  the  chimney,  rising  from  the 
crown  of  the  fire-box,  was  surrounded  by  water 
up  to  the  i>oint  where  it  leaves  the  boiler,  for 


the  purpose  of  adding  to  the  limited  heating 
surface  of  the  fire-liox.  The  suction  and  de- 
livery hoses  were  3A  inches  in  diameter.  The 
smaller  engine  was  similarly  constructed,  and 
had  a  tig -inch  steam-cylinder,  and  a  5inch 
water-cylinder,  with  an  8-inch  stroke.  The 
suction-hose  was  3  inches,  and  the  delivery-ho* 
2\  inches  in  diameter  (tig.  387). 

Messrs.  Lee  Jc  Larned,  New  York,  exhibited 
a  steam  mfire<ngine,  to  be  drawn  by  hand  and 
intended  for  the  use  of  volunteer  firemen.  The 
engine  is  a  Wont  8  feet  long,  and  weighs  3,700 ft. 
It  runs  on  large  wheels,  and  springs  of  flat 


ogle 


steel  plates  of  uniform  thickness,  and  tajKirecl 
in  width.  The  boiler  contains  double  tubes, 
with  an  annular  water-space  between  them,  the 
flame  and  heat  passing  up  through  the  inner 


tube,  and  surrounding  the  outer  tube.  It  is 
said  to  have  125  square  feet  of  heating-surface, 
and  to  be  capable  of  raising  steam  in  Bcven 
minutes.     The  pump  is  of  gun-metal,  being 
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Gary's  rotary  pump,  driven  by  a  single  recipro- 
cating engine  with  a  7-inch  cylinder,  and  S\ 
inches  stroke,  and  a  pair  of  light  Ijalaneed  fly- 
wheels to  carry  the  engine  over  the  centre. 

According  to  the  results  of  the  trials  of  the 
steam  fire-engines,  the  following  are  the  times 
in  which  the  steam  was  got  up  from  cold  water, 
to  5  1b.  and  1001b.  per  square  inch  respec- 
tively : — 

To  6  lb.       To  100  lb. 
min.  sec.      min.  sec. 

Messrs.  Merrywcatlier  A  Son ...    7    -K)  ...  12  10 

Messrs.  Shand  &  Mason  (No.  1)  12    50  ...  18  30 

Messrs.  Shand  &  Mason  (No.  2)                    30  0 

Do.  from  warm  water,  thoS 

firo  having  been  drawn  /   5    30  ...  17  40 

and  ro-laid   ) 

The  comparatively  great  length  of  time 
required  to  get  up  the  pressure  with  Messrs. 
Shand  <fc  Mason's  engine  from  cold  water  is 
reported  to  have  arisen  from  some  mismanage- 
ment ;  at  the  same  time,  allowing  for  thus 
circumstance,  it  appears  that  the  tubular  boiler 
of  Messrs.  Merry  weather's  engine  was  the  most 
prompt  in  getting  up  steam.  The  jury  repotted 
the  following  results  of  the  trials  of  the  steam 
fire-engines : — 

"  Messrs.  Mcrrywcather  &  Sou  have  pro- 
duced, at  a  price  of  £"00,  a  steam  fire-engine, 
weighing,  according  to  the  makers'  account, 
65  cwt.,  with  jets  and  lamps,  but  without  water, 
coal,  suction-pipes,  hose,  or  other  gear,  and  capa- 


ble of  throwing  in  an  available  stream  the  follow- 
ing average  quantities  of  water  per  minute  : — 


DlMMHCB. 

Feet. 

61  ... 
85  ... 


Degrees. 

;  2i 


QllWTITT. 


230 
121 


"Messrs.  Shand  ik  Mason  have  produced  an 
engine,  at  a  cost  of  £(!50,  weighing,  according 
to  their  statement,  55  cwt.,  with  jets  and  lamps, 
but  without  water,  coal,  suction-pipes,  hose,  or 
other  gear,  and  capable  of  throwing  in  an 
available  stream  the  following  average  quantities 
of  water  per  minute  : — 

DlSTAXCl.  AXGLC.  QVAKTtTY. 

Feet.  Decrees.  Gallons. 

CI    10    280 

03    18    ICS 

82    U    172 

85    21    137 

102    11    M 

104    17    19 

"  Messrs.  Shand  «fc  Mason  have  also  produced, 
at  a  price  of  £370,  an  engine  which,  under  the 
Some  conditions,  weighs  30  cwt.,  and  is  capable 
of  throwing  in  an  available  stream  the  following 
average  quantities  per  minute  : — 

DlSTAXCS.  AjTOU.  Qvavrtt. 

Feet.  Decrees.  Gallons. 

fit    10    112 

63    18    133 

82    14    56 

85    21    27 

"  The  best  performance  during  the  five  trials 
from  which  this  last  average  was  taken  being 
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forty-six  gallons,  and  the  lowest  five  gallons  per 
minute 

"  At  greater  distances,  in  consequence  of  the 
wind,  this  engine  could  not  deliver  a  stream, 
hut  continued  working  without  accident  through- 


out the  day,  and  concluded  in  the  evening  Ijjr 
throwing  a  good  vertical  jet" 

Messrs.  Shand  «fc  Mason  have  constructed  an 
improved  fire-engiue(fig.  388)  intended  to  combine 
the  London  fire-brigade  engine  with  the  use  of 
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Improved  Stkau  I'ibi  Km.i  v  t.,  by.  Mrur*.  Shand  X  Mmod,  London. 


steam  power,  of  which  the  following  is  a  descrip- 
tion : — "  It  is  mounted  on  high  wheels,  springs, 
and  forelocking  carrhige,  and  constructed  for  rapid 
transit  by  horses ;  Is  fitted  with  l>ox  to  contain 
hose  and  implements,  having  driving-seat  and 
space  for  firemen,  and  has  poles  on  which  to 
sus|>end  the  suction-pi)>cs,  thus  carrying  the 
firemen  and  all  the  hose  and  implements  in  or 
upon  it-  The  extreme  outside  dimensions  are  as 
follows : — Length,  13  feet;  width,  G  feet  5  inches; 
height,  9  feet  without  chimney.  The  total  weight, 
including  polo  and  bars  for  horses,  hosc-box,  and 
1 1  living-seat,  suet  ion  -poles,  and  coke-bunkers,  is 
6,099  lb.;  weight  of  water,  400  lb. 

"Like  the  London  brigade  engine,  it  can  be 
primed  with  the  suction-pipe,  or  water  may  bo 
drawn  from  the  cistern  which  forma  part  of  the 
engine.  The  pumps  are  made  entirely  of  gun-metal 
and  copper,  and  the  valves  of  india-rubber,  as  in 
the  floating  steam  fire-engines  made  by  Shand  it 
Mason  for  the  London  Fire  Brigade.  The 
whole  of  the  machinery  is  of  a  very  simple  con- 
struction, and  not  liable  to  be  damaged  by  jolting 
over  rough  roads.  The  boiler  is  of  the  upright 
tubular  construction,  affording  ample  means  lor 
superheating  tin-  steam;  there  are  199  brass 
tubes  lj  inch  outside  diameter  and  lo  inches 
long.  1  lie  fire-box  is  of  copper,  3  feet  4  inches 
diameter ;  the  steam-cylinder    is  inches 


diameter,  with  9-inch  stroke;  the  water-cylinder 
is  7  inches  diameter,  with  9-inch  stroke,  aad 
double-acting.  The  London  brigade  engine* 
have  pumps  consisting  of  two  single-acting  cylin- 
ders, 7  inches  diameter  and  8  inch  stroke.  The 
average  rate  of  working  at  tires  is  not  more  than 
40  strokes  per  minute;  and  as  the  cylinders 
Contain  010  cubic  inches,  it  follows  that  a 
London  brigade  engine  delivers,  at  it.s  avenge 
rate  of  working,  88  gallons  per  minute.  Tin- 
water-cylinder  of  the  steam  fire-engine,  as  de- 
scribed above,  discharges  090  cubic  inches  at  each 
stroke,  and  as  it  can  be  worked  at  1 80  strokes 
per  minute,  it  will  then  l>e  equal  to  five  brigade 
engines  at  their  ordinary  rate  of  working." 

Messrs.  Merry  weather  <fc  Sons  have  recently 
constructed  the  Torrent  steam  fire-engine,  with 
a  steel  boiler.  Tho  steam-cylinder  is  Gi  inches 
in  diameter,  and  the  pump,  double-acting,  has  a 
4f-inch  cylinder,  with  a  12-inch  stroke  (tig. 
389). 

The  double-barrel  pump  of  Mr.  Wellington 
Lee,  of  New  York,  for  fire-engines,  exhibited 
by  Messrs.  Easton,  Amos,  &  Sons,  in  the 
Western  Annex,  has  already  been  noticed. 
The  following  is  a  description  of  the  Awi- 
hihUor  engine,  on  this  principle,  constructed  by 
Messrs.  Eaaton,  Amos,  ik  Sons  (fig.  390)  : — 

44  The  principal  points  in  which  this  engine 
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differs  from  others  which  have  been  already 
constructed  and  used  in  this  country  comprise, 
firstly, — a  description  of  boiler  of  a  novel  and 
somewhat  peculiar  construction,  having  a  cen- 


tral furnace,  surrounded  by  a  shell  or  wall  of 
vertical  water-tuln*,  surmounted  by  a  steam- 
chamber,  or  drum,  which,  in  ordinary  work,  hi 
filled  with  water  to  iibout  one -third  of  its 


Fig.  399. 


I 


Tub  "ToBBiirr"  Sham  Fibb-Esgikk,  by  Me*in.  M>rrywe»th*r  &  Som,  London. 


jht;  from  this  chamber  depends  a  Halt  water 
j,  or  1  suspended  slab,'  the  connection  being 
made  with  the  steam-drum  by  means  of  a  series  i  if 

rtieal  tulx-s.  Through 
thes<  •  last  proceed  a  series 
of  internal  tubes,  by 
which  the  products  of 
combustion  pass,  in  an 
intensely  heated  state,  to 
the  Hinoke-box,  exposing, 
by  this  means,  an  annular 
water  space  to  the  action 
the  heat.     A  series 


tlnoiighout  the  boiler.  The  total  amount  of 
direct  heating  surface  in  the  Inuler  is  228  5 
square  feet,  and  of  fire-bar  surface  1-58  square 


Fio.  390. 


.  of  short  tubes  pass,  in- 
•dependently    of  these, 


through  the  suspended 
slab  and  the  steam -drum, 
respectively,  through 
which  the  heated  current 
also  ]>asses  ;  and  the  en- 
tire arrangement  is  so 
adapted  a.s  to  present  the 

greatest  possible  amount 
Of  heating  surface  obtain 
de  to  the  action  of  the 
fire.  A  series  of  t  ul  k-s 
pa8H  from  the  suspended 
slab  to  the  water-bottom, 
into  which  the  bottoms  of 
the  outer  shell  of  tubes  are  secured,  thus  main- 
taining the  complete  circulation  of  the  water 


Tub  "  Ahsiiiilatoh  "  Stbam  Fibb-Ehgihb,  by  Mr.  Wcllineton  L**  ; 
manufactured  by  Meain.  Kaaton,  Amui,  X  Son*,  London. 


feet.  Secondly, — in  the  construction  of  the 
boiler,  gun-metal  and  steel,  in  conjunction  with 
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the  l^est  Low  Moor  iron,  are  employed,  with 
a  view  of  obtaining  the  two  essentials  of 
lightness  and  compactness,  in  addition  to  the 
rapid  generation  of  steam.  Thirdly,  —  the 
steam  cylinders  are  two  in  number,  and  are 
placed  immediately  forward  of  the  boiler  :  their 
diameter  is  9£  inches,  the  length  of  stroke 
9  k  inches,  and  they  work  directly  on  the  pumps, 
without  the  intervention  of  any  crank  or  rotary 
movement,  and,  consequently,  any  centre  or 
dead  point  to  turn.  The  piston-rod  of  one 
cylinder,  by  means  of  a  reducing  lever,  operates 
upon  the  slide-valve  of  the  other  in  such  a 
manner,  that  when  one  piston  is  at  the  end  of 
its  stroke,  the  other  is  at  half-stroke,  and 
vice  versd.  This  arrangement,  while  ensuring 
the  correct  action  of  the  slides  for  the  admission 
and  exhaustion  of  steam  to  the  cylinders,  is  not 
of  itself  alone  sufficient  to  ensure  the  proper 
length  of  stroke;  but  to  avoid  the  breaking  of  the 
piston  or  cylinder-cover,  which  might,  perliajra, 
occur,  two  supplementary  parts  are  provided,  so 
arranged  that  the  exhaust  is  imprisoned  shortly 
before  the  termination  of  the  stroke,  and  the 
piston  starts  smoothly  and  evenly  on  its  return  ; 
and,  however  rapid  may  be  the  running,  the 
motion  is  as  certain  and  even  as  in  two  engines 
working  with  cranks  at  right  angles  upon  one 
shaft.  Fourthly, — the  pumps  are  two  in  num- 
ber, each  5  J-  inches  diameter  ;  but  the  plungers 
and  seats  may  be  changed,  in  about  twenty 
minutes,  for  others  of  larger  diameter,  in  case  a 
greater  quantity  of  water  may  be  required. 
The  length  of  stroke  is  9. J  inches,  and,  being 
double-acting,  a  steady  and  continuous  stream 
is  obtained  from  them.  Each  pump  has  eight 
suction  and  eight  delivery  valves  of  india-rubber, 
working  upon  gun-metal  guards,  offering  an 
effective  water-way  of  fifteen  square  inches,  in 
four  valves,  or  very  nearly  two-thirds  area  of 
the  piston  for  the  contents  of  one  pump.  The 
largeness  of  the  valve-ways,  combined  with  the 
peculiar  stop  at  the  end  of  each  stroke,  which 
is  a  main  feature  of  the  steam-valve  motion, 
causes  the  almost  instantaneous  closing  of  the 
valves,  and  the  pumps  run  free  from  concussion 
or  vibration  at  any  practicable  velocity.  The 
net  area  of  the  suction-opening  is  1G  square 
inches  ;  and,  having  a  continuous  stream  passing 
through  it,  the  hose  remains  steady  and  quiet 
when  the  pumps  are  running  at  their  highest 
velocity.  Moreover,  advantage  is  taken  of  the 
hollow  spaces  of  the  hand-railing  to  connect 
them  with  the  suction-valve  chamber,  so  as  to 
form  a  suction  air-vessel.  All  the  suction  and 
delivery-valves  are  readily  accessible,  by  means 
of  suitable  hand-holes,  and  are  not  easily 
choked.  Lastly, — the  framing  of  the  engine  is 
of  wrought -iron  throughout,  forget!  entire. 
Fisher's  busk-springs,  as  offering  the  greatest 
elasticity  and  lightness,  are  employed,  with 
relieving-screws  for  locking  them  out  of  gear 
when  working.  The  wheels  are  of  a  construc- 
tion embodying  great  strength  and  stiffness  with 


lightness;  and  wrought-iron  rings  and  do»el.. 
are  used  for  securing  the  spokes  to  the  hh. 
The  engine,  l>esides  a  moderate  quantity  of  cot], 
and  several  hundred  feet  of  hose,  carries  the 
following  staff :— one  driver,  two  look-out  men, 
one  on  each  foot-plate,  and  three  assistant*,  *h<i 
ride  upon  the  tool-chest  (which,  when  in  posi- 
tion, forms  a  foot-board  behind),  steadying 
themselves  by  the  hand-railing.  The  net  weight 
of  the  engine  is  3  tons  2$  cwt." 

A  number  of  trials  of  the  foregoing  swam 
fire-engines  were  conducted  at  Hodges'  Distfflm 
at  various  times  during  the  year  1862,  of  which 
the  following  results  were  obtained,  qorta*! 
from  Lieutenant  Becker's  Annual  Report  of 
the  proceedings  of  Hodges'  Volunteer  Fin 
Brigade  for  18G3. 

Messrs.  Shand  «fe  Mason's  improved  fire- 
engine  (fig.  388)  got  up  steam  to  a  pressure  <  f 
60  1b.  per  square  inch  in  14  \  minutes ;  and 
with  a  steam  pressure  of  120  lb.  per  inch,  a  jet 
of  1}  inch  in  diameter  was  thrown  to  a  height 
of  174  feet.  A  g-inch  jet  was  thrown  horiinn 
tally  a  distance  of  187  feet  ;  a  1-inch  jet  19*j 
feet ;  a  1^-inch  jet  190  feet.    Strong  wind. 

Messrs.  Merryweather  &  Son's  engine,  the 
Deluge  (fig.  386),  got  up  steam  to  a  pressure  of 
40  lb.  per  inch  in  10  minutes.  With  steaa  d 
120  1b.  pressure  per  inch,  a  lj-inch  jet  *a> 
thrown  170  feet  liigh,  and  220  feet  horizontal^ : 
and  a  lj-inch  jet  155  feet  high,  and  194  feet 
horizontally.    Wind  fresh. 

The  Torrent  (fig.  389)  got  up  the  Bteamtoa 
pressure  of  75  lb.  j>er  square  inch  in  9  minnUs, 
and  to  100  lb.  in  9i  minutes.  With  stem  of 
from  120  lb.  to  140  lb.  per  inch,  it  deliver?!  » 
1-inch  jet  to  a  height  of  150  feet,  and  to  a 
distance  horizontallv  of  194  feet 

The  AnnihUaior  (fig.  390)  got  up  the  steam 
to  a  pressure  of  25  lb.  per  inch  in  9  minute 
With  a  steam  pressure  of  120  lb.  per  inch, » 
1^-inch  jet  was  thrown  to  a  height  of  165  fwt ; 
and  a  14-inch  jet  to  a  height  of  150  feet,  *ith 
a  steam  pressure  of  140  1b.  per  inch.  All 
inch  jet  was  thrown  197  feet  horizontally ;  »nJ 
a  1^-inch  jet  190  feet  horizontally. 


CHAPTER  IX. 


For  upwards  of  50  years,  the  desideratum  ot » 
good  water-meter  has  engaged  the  attentive  << 
mechanical  men.  Joseph  Bramah,  in  1810. m' 
vented  a  water-meter  on  the  principle  of  hj* 
rotary  steam-engine,  consisting  of  an  exwntru' 
drum  revolving  within  a  cylinder,  with  pr.<n> 
ding  vanes  or  slides.  More  lately,  Mr.  Mitrtell 
of  Glasgow,  constructed  a  meter  in  whia  * 
spiral  screw  was  placed  within  a  pipe,  v> 
turned  by  the  current  of  water  passing  thr^S1- 
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the  pijw ;  the  screw  was  fitted  with  resisting 
vanes  to  counteract  the  effect  of  varying  velo- 
cities. A  bucket-meter,  also,  was  brought  out 
by  Mr.  Stirling,  of  Dundee,  but  it  proved  unfit 
for  practical  purposes. 

The  earliest  patent  for  the  invention  of  a 
water-meter  in  England,  was  obtained  in  1824 
by  William  Pontifcx,  of  London,  and  during 
the  thirty  years  from  1824  to  1854,  42  patents 
were  issued  for  water-meters.  During  the  eight 
years  ending  in  1862,  78  more  patents  were 
obtained,  making  in  all  about  120  patents  for 
water-meters,  and  improvements  in  them,  during 
the  last  forty  years.  Of  these,  by  far  the 
larger  number,  about  44,  have  been  constructed 
with  diaphragms,  flexible  chambers,  and  similar 
appliances ;  25  on  the  principle  of  the  spiral  fan, 
turbine,  or  drum  ;  16  with  revolving  buckets, 
floats,  or  oscillating  chamlwrs;  and  the  remainder, 
i "Hit  35,  with  cylinder-and- piston  motions. 
All  the  meters  made  with  diaphragms  or  flexible 
measuring-chambers,  have  entirely  failed,  and 
fallen  into  desuetude, — the  last  example,  rather 
clumsy,  and  scarcely  original,  by  an  engraver 
named  Ramsbottom.  Of  the  spiral  fan,  drum, 
and  turbine  meters,  commonly  known  as  infer- 
ential meters,  the  only  one  now  in  use  is  that 
invented  by  Mr.  C.  W.  Siemens  j  all  the  others 
of  this  class  having  been  abandoned  as  useless. 
Of  the  piston-meters,  Kennedy's  got  into  con- 
siderable use,  although  it  was  heavy,  cumber- 
some, and  noisy  whilst  working,  with  its  large 
tumbling  weight,  which  racked  the  apparatus 
by  its  continual  vibration.  But,  with  the 
liability  of  the  weight  to  stick  on  the  centre, 
and  allow  the  water  to  pass  unmeasured, 
and  the  frequent  failure  of  tho  india-rubber 
piston-rings,  with  the  regular  oiling  and  packing 
required  in  addition,  Kennedy's  meter  did  not 
fulfil  tho  requirements  for  a  serviceable  piston- 
meter.  Messrs.  Chadwick  «fc  Frost's  meter  is 
tho  latest  of  piston-meters,  and  it  has  got  into 
considerable  use  in  Lancashire  and  Yorkshire. 
Three  other  piston- meters  have  been  introduced 
during  the  last  seven  or  eight  years  by  Mr. 
Jopling,  Mr.  T.  Duncan,  and  Mr.  Worthington. 
All  of  these,  similar  to  each  other,  differ  from 
Kennedy's  and  Chadwick  <fc  Frost's,  chiefly  in 
their  liaving  two  cylinders,  these  having  only 
one  cylinder. 

Mr.  C.  W.  Siemens,  London,  exhibited  his 
water-meter  in  its  most  improved  form.  The 
chief  difficulty  that  presented  itself  in  endeavour- 
ing to  produce  a  practically  perfect  high-press\ire 
meter  was  not  so  much  to  obtain  a  correct 
measurement  under  varying  circumstances  of 
pressure  as  to  render  the  instrument  sufficiently 
durable  to  resist  for  years  the  action  oi  the 
water,  and  of  tho  impurities  carried  along  with 
it.  It  was  found  necessary  to  protect  all  the 
working  parts  against  tho  chemical  action  of  the 
water,  to  prevent  deposit  of  calcareous  matter 
upon  the  measuring  apparatus,  and  to  combine 
strength  with  lightness,  as  far  as  possible,  in  the 


construction  of  the  movable  jaurts,  in  order  that 
they  might  resist  the  force  of  a  high  water- 
column,  and  might  yet  be  moved  by  the  slender 
stream  produced  by  a  leaky  tap,  which  in  the 
case  of  the  smaller  meters,  may  not  exceed  half 
a  pint  of  water  passing  through  per  minute. 
Cheapness  and  compactness  of  construction  were 
other  important  considerations  not  to  be  lost 
sight  of. 

The  meter  consists  of  a  cast-iron  casing, 
divided  by  a  partition  into  two  compartments. 
The  water  entering  the  upper  compartment  passes 
through  a  spout  into  the  revolving  drum,  which 
is  formed  of  two  stamped  discs  of  brass  plate, 
riveted  and  soldered  together  face  to  face,  each 
part  containing  similar  spiral  grooves  or  corru- 
gations, forming  channels  for  the  water  to  pan 
from  the  centre  to  the  circumference  into  the 
lower  chamber.  The  drum  carries  three  or 
more  flat  blades,  intended  to  produce  a  resistance 
in  the  water,  increasing  as  the  square  of  the 
velocity  of  revolution  ;  the  effect  of  which  is, 
that  the  drum,  which  has  a  tendency  to  revolve 
at  a  rate  increasing  more  rapidly  than  the 
velocity  of  the  water,  is  caused  to  rotate  at  a 
speed  projiortionate  to  the  quantity  of  water 
passing  through,  whether  a  high  or  low  velocity. 

The  spindle  of  the  drum  passes  upwards  into 
an  oil-chamber,  which  contains  wheel-work,  to 
reduce  the  motion  communicated  by  the  drum. 
A  small  spindle  passes  finally  at  a  greatly-re- 
duced 8]>eed  through  a  stuffing-box  into  a 
fourth,  containing  tho  dial,  on  which  the  quantity 
of  water  that  has  passed  through  the  meter  is 
indicated  by  hands,  in  gallons  or  cubic  feet. 
Before  entering  the  meter,  the  water  has  to  pass 
through  a  grating  which  arrests  any  solid  matter, 
and  is  made  easily  accessible  for  the  purpose  of 
removing  from  time  to  time  the  impurities  that 
have  collected,  when  it  is  found  that  the  passage 
of  the  water  is  obstructed. 

Meters  constructed  on  this  plan  have  now 
been  found  to  work  continuously  for  nearly  tlireo 
years,  under  tho  most  varied  circumstances, 
without  requiring  any  alteration  whatever.  Tho 
arrangement  made  between  the  manufacturers 
and  the  water  companies  or  purchasers  of  the 
meters  is,  that  every  meter  that  fails  to  give 
satisfaction,  in  consequence  of  stoppage  or  in- 
accuracy of  measurement,  shall  be  exchanged ; 
and  experience  shows  that  tho  number  of  meters 
so  returned  does  not  exceed  2 \  per  cent,  in  the 
year,  and  these  for  the  most  part  have  been  sent 
back  only  from  trivial  causes.  It  has  been 
ascertained  by  experience,  that  when  the  drum 
was  rotating  at  2,000  revolutions  per  minute, 
only  five  or  six  revolutions  were  made  by  it 
after  the  discharge  had  been  suddenly  stop{>ed  ; 
and  the  little  error  arising  from  this  cause  was 
nearly  compensated  for  by  the  effect  produced  by 
the  inertia  of  the  drum  at  the  commencement  of 
motion,  a  small  quantity  of  water  having  to  pass 
through  the  drum  not  registered,  before  the 
drum  had  attained  the  velocity  conraponding 
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with  the  velocity  of  the  water  through  the 
meter.  A  meter  had  heen  used  to  measure  the 
water  supplied  to  an  engine-boiler,  and  had 
been  placed  between  the  feed-pump  and  the 
boiler,  and  consequently  the  drum  was  set  in 
motion  and  stopped  at  each  stroke  of  the  pump, 
and  went  with  jerks  ;  but  even  under  this 
severe  trial  the  meter  was  found  to  register  only 
about  5  per  cent  in  excess. 

Fio.  391. 


M.  Tresca,  of  the  Conservatoire  des  Arte  et 
Metiers,  Paris,  has  recently  tested  Mr.  Siemens's 
meter,  and  he  found  that  ite  indications  were 
very  nearly  exact,  even  under  great  variations 
of  pressure, — the  maximum  error  of  indication 
scarcely  amounted  to  1  per  cent 

The  smallest  size,  with  a  drum  1£  inch  in 
diameter,  intended  for  a  '  inch  pipe,  registers  a 
delivery  of  5  gallons  per  minute.  One  of  the 
largest  sizes  has  an  8-inch  drum,  intended  for 
a  10-inch  main,  and  delivers  300  gallons  per 
minute.  They  register  within  from  i  to  3  j>er 
cent  under  extreme  conditions.  The  rnpid  cur- 
rents of  water  through  the  passages  of  the  drum 
prevent  the  deposit  of  calcareous  matter  in  the 
passages,  and  thus  the  dimensions  of  these  pas- 
sages are  preserved  in  their  integrity.  Mr. 


Siemens's  meter  appears  to  fulfil  all  the  coodi 
tions  required  of  a  serviceable  meter,  ad  to 
give  satisfaction.  There  are  at  present  acme 
10,000  of  these  water  meters  in  action  in  Eng- 
land, besides  which  they  are  applied  in  Germany. 
Belgium,  and  France,  exclusively.  By  a  rrcent 
improvement  in  the  details  of  construction,  a 
meter  of  the  smaller  size  can  be  made  to  renter 
as  small  a  stream  as  will  just  fill  a  tumbler  in 
two  minutes. 

The  Manchester  Water-Meter  C  n 
pany  exhibited  three  different  kinds  4 
Chadwick  <fc  Frost's  rooter-meters.  1.  A 
meter  for  general  purposes,  ordinarily 
used  by  water-works  companies,  matur- 
ing by  a  piston  packed  with  cup-leather, 
and  a  brass-lined  cylinder,  with  a  cwn- 
j>ound  slide-valve,  reversed  by  a  ball-cnnk 
which  is  struck  by  the  piston-rod  jut 
before  the  completion  of  each  stroke. 
Each  stroke  is  registered  by  mean?  of  a 

SJ1  and  ratchet-wheel  u  In  the  sectional 
ustration  (fig.  391),  the  meter  is  sho»is 
workiug.  The  water  is  entering  thrash 
the  sieve  or  grating,  the  upper  chanAer 
of  the  meter  b,  and  is  passing  doim  t 
into  the  measuring  cylinder  B:  the 
pressure  of  the  water  being  exerted  in 
forcing  the  piston  A  to  the  bottom  of 
the  cylinder ;  the  water  is  being  expelled 
out  of  the  lower  part  of  the  cylinder  B. 
up  i  and  g,  down  f,  and  out  at  A.  On 
the  completion  of  the  stroke  of  the  piston, 
the  projecting  end  of  the  piston-rod 
carries  with  it  the  catch  W,  which  moves 
the  top  slide-valve  n,  and  removes  the 
pressure  from  the  small  cylinder  or  cop !, 
and  admits  it  into  the  opposite  cylinder 
or  cup,  whereby  the  fluid  pressure  is 
exerted  directly  against  the  end  of  the 
main  valve  J,  changes  its  position,  ind 
thus  reverses  the  action  of  the  meter  in- 
stantaneously, and  without  noise  or  con- 
cussion." The  meter  is  setf-lubricatae, 
as  all  the  working  parts  are  of  bn*. 
and  are  under  water.  The  wear  of  the 
slide  -valve,  which  is  scraped  on  the 
faces,  is  limited  to  that  due  to  the  snail 
difference  of  pressure  on  its  upper  and  un-ler 
surfaces.  Should  the  meter  get  out  of  orier 
and  cease  to  work,  the  flow  of  water  is  stopped 
also.  This,  which  is  reckoned  one  of  the  id- 
vantages  of  the  meter,  is  thought  an  objection 
by  those  who  consider  that  the  claims  of  the 
public  to  an  uninterrupted  supply  of  water  art  of 
greater  moment  than  the  loss  to  the  wtft 
companies,  in  the  event  of  a  meter  ceasing  to 
register,  and  nevertheless  continuing  to  paw  the 
water.  2.  The  office  or  dtoeliing-house  tneitr.  bj 
Mr.  Frost— the  smallest  meter  that  has  yei 
been  made  with  a  piston  and  cylinder.  "I* 
consists  of  two  measuring  chambers,  fitted  «th 
pistons,  which  are  packed  with  cupped  leathers 
and  a  valve  of  a  peculiar  construction  fa 
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changing  the  inlet  and  outlet  jHirta.  The  fluid 
acts  directly  against  the  rib  or  midfeather  on  the 
back  of  the  valve-plate,  and  thus  changes  the 
position  of  the  valve,  and  reverses  the  course  of 
the  fluid  to  be  measured.  On  the  termination 
of  each  Btroke  of  the  piston,  and  not  till  then, 
this  change  is  completely  effected.  The  work- 
ing of  the  piston  being  slightly  easier  than 
that  of  the  valve,  it  is  neceasarily  carried  to  the 
end  of  its  stroko  before  the  valve  is  put  into 
motion,  and  the  minutest  accuracy  of  measure- 
ment is  thus  insured."  3.  The  steam-boiler  or 
hot-tcater  meter,  by  Mr.  Frost,  without  ]>acking, 
which  will  work  with  warm  water,  for  the  filling 
of  steam-boilers.  It  is  composed  of  two  pumps, 
formed  each  of  a  rectangular  box,  moving  hori- 
zontally in  the  right  angle  or  trough  formed  by 
two  fixed  planes.    A  partition,  fixed  perpen- 

Fioi.  392. 


All  the  water  must  pass  through  one  or  the 
other  of  these  two  cylinders  ;  and  the  number 
of  oscillations  registered  measures  tho  quantity 


Fig.  388. 
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ITot-Wati»  Mitii,  by  the  Manchester  Water-Meter  Company.    (Two  de»ign».) 

dictilnrly  to  the  intersection  of  the  two  planes, 
and  filling  the  section  of  the  box,  jK-rforros  the 
office  of  a  fixed  piston,  and  separates  the  two 
cavities  of  the  box,  which  fill  alternately  as  they 
are  extended.  The  box  slides  in  grooves  ad- 
justed on  the  fixed  planes,  each  governing  the 
slide-valve  of  the  other  (figs.  392). 

Messrs.  Thomas  Lambert  <fc  Son,  London, 
exhibited  Jopling'a  ttxiler-vieter  in  action.  It  is 
composed  of  two  equal  parallel  cylinders,  of 
which  the  pistons  work  together  in  the  same 
direction,  the  piston-rod  of  each  engine  regu- 
lating at  the  extremity  of  the  stroke  the  admis- 
sion of  the  water  into  the  neighbouring  cylinder. 


— 'luw  urn.  mtu*  "* 

JorLiso'M  Watib-Mitii,  by  Me*trf.  Thomas 
Lambert  \  Son,  London, 


of  water  which  has  passed.  The 
cylinders  are  inclosed  in  a  case  of 
cast  iron,  so  that  the  pressure  is 
the  same  at  the  exterior  as  the  in- 
terior of  the  cylinders,  and  its  influ- 
ence on  the  play  of  the  machine  is 
nearly  annihilated.     Thus,  as  the 
movement  of  one  piston  governs  tho 
supply  of  water  to  the  cylinder  of 
the  other  piston,  acontinuous  current 
of  water  is  established.    The  me- 
chanism is  simple,  but  there  are  four 
moving  jKirts,  the  pistons  aud  tho 
valves  (fig.  393). 
Mr.  Thomas  Duncan,  Liverpool,  exhibited 
a  iloubh-cylinder  meter,  with  cup-leather  pistons. 
The  piston-rods  are  attached  to  slotted  cross- 
heads,  coupled  to  cranks  at  right  angles  on  a 
sliaft.    The  slide-valves  are  of  brass,  working  on 
brass  faces,  and  are  moved  by  excentrics  on  the 
shaft.    Thus  a  constant  length  of  stroke  is 
maintained,  and  the  lap  and  lead  are  adjusted, 
and  concussion  is  prevented,  by  slight  portions 
of  an  arc  cut  out  of  the  crosshead,  j>ermitting  the 
piston  to  rest  for  an  instant,  until  the  valve  is 
opened  for  water  to  reverse  the  piston.  Upwards 
of  sixty  of  these  meters  are  said  to  be  at  work  ; 
the  maximum  error  in  their  indications  has  not 
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exceeded  4  per  cent.,  which  is  said  to  have 
arisen  from  the  wearing  of  the  pistons. 

Mr.  W.  Dingwall,  Dundee,  exhibited  a  icxtier- 
meter,  in  which  the  measurement  is  made  within 
an  oscillating  clastic  big,  within  a  cast-iron 
casing. 

M.  Sacre,  Brussels,  exhibited  a  hydrometer  for 
distilleries.  The  liquid  is  measured  as  it  leaves 
the  still,  at  the  same  time  that  a  small  quantity 
of  liquid,  variable  at  pleasure,  is  preserved  at 
each  measuring,  and  conducted  into  a  special 
receptacle,  which  allows  of  recording  readily  the 
mean  density  of  the  liquid  distilled. 

In  making  a  comparison  of  the  reaction  meter, 
solely  represented  by  Mr.  Siemens's  meter,  with 
the  piston-and-cylinder  meter,  the  latter  has 
naturally  at  first  sight  the  advantage  over  the 
former,  being,  as  the  name  implies,  positive, 
whilst  the  other  is  inferential.  But  the  dis- 
tinction is  scarcely  tenable  in  practice,  as  neither 
the  one  nor  the  other  is  absolutely  exact.  The 
friction  of  the  slides  and  other  parts  in  the 
piston-meters,  and  the  clearance  at  each  end  of 
the  cylinder,  are  found  to  vary  with  the  pressure 
and  speed  at  which  the  machine  is  worked  ; 
except,  of  course,  the  clearance  in  Mr.  Duncan's 
meter,  of  which  the  stroke  is  a  fixed  quantity, 
determined  by  the  throw  of  the  crank.  The 
use  of  an  upright  and  single  cylinder  in  the 
meter  of  the  Manchester  Company  makes  it,  no 
doubt,  in  so  far,  compact  and  simple,  and  dimi- 
nishes the  chance  of  injury  froni  dirt  or  grit  in 
the  cylinder.  The  valve-gearing  is  complicated, 
and  in  this  respect  the  double-cylinder  meter  of 
Mr.  Jopling  is  simpler  and  better  designed.  But 
the  drum-meter  of  Mr.  Siemens  obviously  excels 
the  others  in  simplicity,  as  it  has  positively  no 
working  parts  besides  the  spindle  on  which  it 
revolves  j  and  since  the  addition  of  the  vanes  to 
the  drum  for  the  purpose  of  putting  a  check 
upon  over-running,  there  is  probably  notliing 
more  to  be  desired  of  Mr.  Siemens's  meter,  as  a 
useful,  practical,  and  commercial  instrument 
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KEEK-ENGINES,  ETC. 


Messrs.  Farrow  Si  Jackson,  lymdon,  exhibited 
a  selection  of  apparatus  for  wines,  .spirits,  and 
other  fluids  : — 1.  Cellular  wine-bins,  constructed 
of  light  bar-iron,  with  a  separate  rest  for  each 
bottle.  2.  Wroitght-iron  scantling,  for  support- 
ing casks.  3.  Bottling  apparatus,  in  which  a 
trough  is  kept  filled  to  a  certain  level  by  means  of 
a  cock  with  a  float  and  valve,  whence  the  liquor 
flows  into  the  bottle  through  syphons,  in  so 
gentle  a  stream  that  no  froth  is  caused.  Several 
bottles  may  be  filling  at  once,  and  precisely  to 
the  point  required,  on  a  level  with  the  fluid  in 
the  trough,  so  that  no  inspection  is  required,  and 


they  may  bo  corked  without  being  looked  it- 
saving  time  and  liquor.  4.  Corking  madint. 
liaving  three  conical  tubes,  for  different  az«i 
bottles.  The  cork  l)eing  placed  in  one  of  tiro 
is  by  means  of  a  lever  pressed  directly  into  the 
neck  of  the  l>ottle.  No  jarring  or  pr&ran: 
upon  the  bottles  takes  place,  so  that  they  mj 
be  tightly  corked  without  risk  of  breahfiv. 
5.  Corking  machine,  of  the  form  most  genmlk 
used  by  bottlers  in  London.  The  bottle  is  Ma 
in  a  leathern  boot,  strapped  to  the  knee,  ttitbe 
cork,  after  l>eing  compressed  by  the  machitt.  i« 
driven  into  the  bottle  bv  a  blow  with  a  lianNoul 
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driver.  6.  Screw  bottle-stopper,  for  reclosuij  i 
bottle  after  the  cork  lias  l>ecn  drawn,  speculh 
useful  for  effervescing  Fio.  aw. 

wines.  It  consists  of  a 
screw  stem,  with  a  bulb 
at  the  lower  end,  and 
a  nut  at  the  other, 
passing  through  an  india- 
rubber  collar.  By  turn- 
ing the  nut,  the  screw 
is  drawn  up,  and  the 
elastic  collar  is  pressed 
by  the  bulb  against  the 
contraction  in  the  gullet 
of  the  bottle,  so  as  to 
resist  any  escape.  The 
stem  may  be  secured 
by  a  padlock,  passed 
through  a  hole  pierced 
in  the  stem.  The  stopper 
may  be  made  hollow, 
with  a  tap  and  air-} 
by  the  use  of 
portions  of  the  liquid 
may  be  withdrawn  with- 
out removing  the  stopi>er. 

Messrs.  Gerardin  «fc 
Watson,  London,  exhi- 
bited Watsons  beer- 
engine,  which  tliffers 
from  others  iu  having 
the  lifters  or  levers  fixed 
on  the  outside  instead  of  the  inside  of  the  he* 
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leaving  the  top  clear  of  slots,  caps,  and  holes. 
The  leverage,  also,  is  greater,  and  the  lever  may- 
be adapted  to  pint,  |-pint,  or  A -pint  motions 
(fig*.  394  and  395). 

Mr.  John  Gallagher,  Wolverhampton,  exhi- 
hittda,  self-acting  bottling  machine,  to  fill  six,  eight, 
or  ten  bottles  simultaneously,  without  causing 
frothing,  and  one,  two,  or  three  casks  may  be 
simultaneously  drawn  off  and  bottled.  It  is 
arranged  with  a  trough  and  syphons,  similar 
to  the  bottling  machine  of  Messrs.  Farrow  & 
J uckson. 


CHAPTER  XI. 

STOP-VALVES  AND  COCKS. 

A  great  varietv  of  well-executed  brasswork 
was  exhibited.    Mr.  W.  P.  Wilkins,  Ipswich, 

Fig.  396. 


SnulcnT-WAY  Sror-VAtvi,  by  Mr.  W.  P.  Wilkins,  Ipiwich. 


Fio.  397. 


and  Mr.  John  Beck,  London,  exhibited  straight- 
way stojwalves,  in  which  the  valve  is  in- 
clined in  tho  direction  of  the  motion  of  the 
water,  so  as  to  offer  the  least  obstruction  to  the 
flow  (fig.  396).  Messrs.  Thomas  Lambert  &  Son, 
London,  exhibited  a  valve  with  india-rubber  discs, 
specially  designed  to  close  itself  after  a  definite 
quantity  of  water  has 
been  discharged,  so 
preventing  waste  of 
water  (fig.  397). 

Mr.  S.  Leoni,  Lon- 
don, exhibited  taps 
in  a  new  material, 
"  Adamas,"  which  Ls 
a  species  of  clay  con- 
sisting of  silicate  of 
magnesia,  reduced  to 
powder,  and  formed 
by  hydraulic  pressure. 
It  is  said  to  be  free  from 
liability  tocorrosion  or 
oxidation,  or  destruction  from  heat  or  acids.  It 
has  been  used  for  wine  and  beer  taps,  machine 
bearings,  and  gas-burner  nibs.  Mr.  Henry 
Grind]  has  applied  Adamas  bearings  under 
heavy  pressures,  equal,  in  one  instance,  to  2  cwt. 
per  square  inch,  tin-  -hull  making  100  revolutions 
per  minute,  and  he  has  stated  that  there  is  no  fcb- 
rasion  nor  heating.  In  applying  them  to  a  4 -feet 
fan,  making  1,000  revolutions  per  minute,  he 
states  that  they  require  oiling  but  once  a  day. 


GixHiri.AB  I«ow  Sror-Vjiu 
I>y  Hmn.  T.  Ltmbert  &  Sou, 
London. 


SECTION  V. 
PNEUMATIC  MACHINERY. 


CHAPTER  I. 

AIR-ENGINES. 

Mr.  Ericsson,  New  York,  exhibited  a  caloric, 
or  f tot-air  engine.  Tho  Ericsson  air-engine,  or 
"  caloric  engine,"  as  it  has  been  called,  long  since 
abandoned  for  marine  purposes,  lias  been  simpli- 
fied by  the  suppression  of  the  regenerator.  In 
Germany,  this  engine  is  used  in  many  small  fac- 
tories. A  small  engine,  of  1 -horse  power,  is 
reported  to  have  consumed  about  9  lb.  of  coal 
per  horse-power  per  hour, — a  result  which  is 
corroborative  of  those  arrived  at  by  M.  Tresca. 

Mr.  E  B.  Neill,  London,  exhibited  an  Ericsson 
engine  of  2- horse  power,  applied  to  work  a  fire- 
engine.     But  the  necessary  power,  of  at  least 


five  to  six  horses,  for  efficiently  working  a  tire- 
engine,  is  much  beyond  what  could  l>e  attained 
by  an  Ericsson  engine  without  being  excessively 
heavy.  Mr.  Neill's  inachino  has  a  single  hori- 
zontal cylinder,  with  two  pistons  working  in  it. 
These  pistons,  by  their  movements,  draw  into 
the  space  between  them  a  volume  of  atmospheric 
air,  and  then  compress  it,  forcing  it  into  contact 
with  the  heated  surfaces  of  the  furnace.  Heated 
and  increased  in  pressure  and  in  volume,  the  air 
exerte  a  proportional  motive  power. 

Mr.  C.  H.  Dcnnison,  Khode  Island,  U.S., 
exhibited  Wilcox's  hot-air  engine,  with  two  ver- 
tical cylinders,  one  of  which  is  closed  with  a 
stufling-box  for  the  piston-rod  in  the  usual  way, 
aud  the  other  is  open  at  the  upper  end.  The 
close  cylinder  forces  the  air  to  be  heated  through 
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a  series  of  corrugated  sheet- 
iron  plates,  like  Ericsson's  re- 
generator, into  the  bottom  of 
the  second  cylinder,  where  it 
is  heated,  and  acts  on  the 
piston.  It  is  then  exhausted 
under  the  piston  of  the  first 
cylinder,  when  it  is  further 
heated,  and  performs  an  addi- 
tional item  of  work.  The  air 
is  finally  exhausted  into  die 
atmosphere  through  the  re- 
generator, to  which  it  imparts 
on  its  way  out  a  portion  of  its 
surplus,  heat,  to  be  delivered 
to  the  succeeding  charge  of 
external  air,  and  escapes  finally 
at  a  temperature  scarcely  above 
212°  Falir.  The  steam  is  dis- 
tributed by  means  of  a  cock. 
The  cylinders  and  the  pistons 
are  formed  with  inverted 
conical  bottoms,  like  those  of 
J  ordinary  quart  bottles,  for  die 
sake  of  the  strength  to  resist 
the  action  of  the  heat.  This 
machine  occupies  considerable 
I  jMice  in  proportion  to  its  jiower, 
and  weighs  37  cwt.  It  is  said 
by  the  inventor  to  be  capable 
of  exerting  1^-horse  jwwer, 
with  a  consumption  of  7^  lb. 
of  good  anthracite  coal  per 
horse-power  per  hour.  This 
engine,  according  to  Mr.  Wil- 
cox, is  only  applicable  for 
small  jK)wers. 

M.  Schwartzkopff,  Berlin, 
exhibited  Laubereau'g  hoi-air 
engine,  of  from  1  to  1|  horse 
power,   which    differs  from 
g  1    others  by  the  repeated  use  of 
the  same  quantity  of  air, 
ferring  it  backwards  and 
wards  between  the  hot 
cold  ends  of  a  receiver  or  cylin- 
der alternately,  instead  of  ex- 
hausting and  renewing  the 
supply  of  air  at  each  stroke 
(see  tigs.  398).    The  working 
cylinder  is  in  direct  commu- 
nication with  the  heating  and 
cooling    chambers,  without 
valves  or  stoppages  of  any 
kind,  so  that  there  is  an  equal 
pressure  in  all  parts  of  the 
machine.    "A  cylinder,  widi 
a  diaphragm  in  the  middle, 
containing  a  non-conductor  of 
heat,  is  provided,  the  furnace 
lieing  placed  in  one  of  the 
chambers  thus  formed,  and  the 
refrigerator,  in  the  shape  of  a 
surface  condenser,  kept 
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stantly  supplied  with  cold  water  in  the  other. 
This  diaphragm  is  in  connection  by  rods  with 
the  piston-rod  of  the  working  cylinder.  Suppos- 
ing it  is  now  required  to  work  the  engine,  the  fire 
is  lighted  in  the  little  furnace  (it  does  not  exceed 
a  cubic  foot  in  size),  and  when  a  sufficient  tem- 
perature, 300°  centrigade,  has  been  obtained,  the 
principal  communication  between  the  interior  of 
the  machine  and  the  outer  air  is  closed.  The  air 
in  the  heating  chamber  is  expanded,  and,  rushing 
into  the  working  cylinder,  forces  up  the  piston,  and 
gives  motion  to  the  machine  ;  but  no  sooner  lias 
it  done  so — in  fact,  by  its  very  upward  motion, 
the  diaphragm  is  caused  to  move  towards  the 
furnace,  when  a  partial  vacuum  is  created  in  tho 
cooling  chamber ;  into  this  the  hot  air  in  the 
working  cylinder  rushes  and  is  cooled,  leaving  in 
the  workingcylinder  a  partial  vacuum,  into  which 
the  pressure  of  the  atmosphcro  instantly  causes 
the  piston  to  descend  and  fill.  The  working 
piston  descending,  forces  the  diaphragm  towards 
the  condenser ;  the  cool  air  jjasses  to  the  heating 
chamber,  is  reheated,  and  again  acts  on  the 
working  piston,  this  operation  continuing  as  long 
as  the  fire  is  kept  up.  There  is  a  small  opening 
(■fc  inch  diameter)  from  the  exterior  to  the 
heating  and  cooling  chambers,  to  admit  of  the 
entrance  of  sufficient  air  to  compensate  for 
waste." 


CHAPTER  II. 

GAS-ENGINES. 

M.  Lenoir,  Paris,  exhibited  a  gas-engine  in 
working  condition.  In  general  appearance  it  Is 
like  a  horizontal  steam-engine,  with  a  piston 
reciprocating  within  a  cylinder,  propelled  by  the 
explosion  of  a  mixture  of  gas  and  air  at  each 
end,  alternately.  The  gas  and  air  to  be  burnt 
ai*c  admitted  to  follow  the  piston  during  half  tho 
length  of  stroke ;  they  are  then  shut  into  the 
cylinder  by  the  valve,  and  exploded  by  an 
electric  sjwrk,  and  the  products  of  combustion, 
by  their  expansive  force,  supply  the  motive 
force,  which  operates  during  the  remaining  half 
of  the  stroke.  M.  Tresca  has  estimated,  from 
his  experiments  on  M.  Lenoir's  engine,  that  it 
consumes  about  90  cubic  feet  of  gas  per  horse 
power  per  hour.  The  engine  is  started  by  simply 
opening  a  cock,  and  assisting  the  fly-wheel  for 
two  or  three  turns. 

Mr.  C.  W.  Siemens,  London,  exhibited  a  gas- 
engine,  ingeniously  constructed,  which  works  on 
the  same  principle  as  M.  Lenoir's.  It  is  composed 
of  four  cylinders,  of  which  the  piston-rods  are 
separately  connected  to  the  ends  of  the  four 
arms  of  a  cross,  of  which  the  centre  works  in  a 
fixed  bearing.  The  cylinders  work  consecutively, 
and  their  pistons  rise  and  fall  in  succession,  so 
that  there  are  not  any  dead  points  in  the  system  ; 
and  a  continuous  circular  motion  is  taken  from 


the  centre  and  transmitted  by  a  connecting-rod 
to  a  crank  on  the  shaft.  The  valves  of  the  four 
cylinders  are  worked  from  a  cam-plate  on  the 
shaft.  A  regenerator  is  provided  for  saving  a 
great  jmrt  of  the  heat  which  would  otherwise 
be  discharged  with  tho  waste  gases ;  and  there 
are  theoretical  grounds  for  expecting  the  engine 
to  be  economical. 

Gas-engines  consume,  no  doubt,  a  good  deal 
of  gas,  but  they  might  be  conveniently  adopted 
in  certain  situations  in  preference  to  a  steam- 
engine  ;  and  there  is  this  to  be  said  for  them,  that 
they  do  not  consume  anything  whilst  standing. 
M.  Tresca  has  suggested  that  the  ordinary  illu- 
minating gas  might  W.  replaced  by  a  liquid  hydro- 
carbon, through  which  it  would  l>e  sufficient  to 
pass  the  air,  and  from  which  the  air  would  absorb 
a  proportion  sufficient  to  constitute  an  inflam- 
mable mixture.  Gas-engines  appear  to  be  spe- 
cially applicable  in  cases  where  a  limited  supply 
of  power  is  required — say  from  1  to  3  horse 
power — at  interv  als,  and  where  the  use  of  steam 
Is  to  be  ail)Solutely  avoided. 

Mr.  Siemens  exliibited  also  models  of  C.  W. 
&  F.  Siemens  8  regenerative  gas  furnaces,  ar- 
ranged for  the  manufacture  of  flint  glass  (Plato 
XXXVIII).  These  furnaces  are  destined  to 
occupy  an  important  position  in  metallurgical 
and  other  operations,  and  they  here  deserve  an 
extended  notice,  on  account  of  their  novelty  and 
their  great  scientific  and  practical  value. 

Professor  Faraday,  in  his  lecture  at  the  Royal 
Institution,  on  the  20th  June,  1862,  describes 
these  furnaces  in  the  following  terms  : — "  The 
gaseous  fuel  is  obtained  by  the  mutual  action 
of  coal,  air,  and  water,  at  a  moderate  red  heat. 
A  brick  chaml>er,  perhaps  G  feet  by  12  feet,  and 
about  10  feet  high,  has  one  of  its  end  walls  con- 
verted into  a  firegrate  ;  that  is,  about  half-way 
down  it  is  a  solid  plate,  and  for  the  rest  of  the 
distance  consists  of  strong  horizontal  plate  bars 
where  air  enters,  the  whole  being  at  on  inclina- 
tion such  as  that  which  the  side  of  a  heap  of 
coals  would  naturally  take.  Coals  are  poured 
through  openings  above  upon  this  combination 
of  wall  and  grate,  and  being  fired  at  the  under 
surface,  they  burn  at  the  place  where  the  air 
enters ;  but  jus  the  layer  of  coal  is  from  2  to  3 
feet  thick,  various  operations  go  on  in  those 
pails  of  the  fuel  which  cannot  burn  for  want  of 
air.  Thus  the  upper  and  cooler  part  of  the  coal 
produces  a  large  body  of  hydro-carbons  ;  the 
cinders  or  coke  which  are  not  volatilized, 
approach,  in  descending,  towards  the  grate  ;  that 
part  which  is  nearest  the  grate  burns  with  the 
entering  air  into  carbonic  acid,  and  the  heat 
evolved  ignites  the  mass  above  it ;  the  carbonic 
acid,  passing  slowly  through  the  ignited  carbon, 
becomes  converted  into  carbonic  oxide,  and 
mingles  in  the  upper  part  of  the  chamber  (or 
gas-producer)  with  the  former  hydro-carbons. 
The  water,  which  Is  purposely  introduced  at  tho 
bottom  of  the  arrangement,  Is  first  vaporized  by 
the  heat,  and  then  decomposed  by  the  ignited 
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fuel,  and  rearranged  as  hydrogen  and  carbonic 
oxide,  and  only  the  ashes  of  the  coal  are  removed 
as  solid  matter  from  the  chamber  at  the  bottom 
of  the  fire-bars. 

"These  mixed  gases  form  the  gaseous  fuel. 
The  nitrogen  which  entered  with  the  air  at  the 
grate  is  mingled  with  them,  constituting  about 
a  third  of  the  whole  volume.  The  gas  rises  up 
a  large  vertical  tube  for  12  or  15  feet,  after 
which  it  proceeds  horizontally  for  any  required 
distance,  and  then  descends  to  the  heat-re- 
generator, through  which  it  passes  before  it 
enters  the  furnaces.  A  regenerator  is  a  chamber 
packed  with  fire-bricks,  separated  so  as  to  allow 
of  the  free  passage  of  air  or  gas  between  them. 
There  are  four  placed  under  a  furnace.  The 
gas  ascends  through  one  of  these  chambers, 
whilst  air  ascends  through  the  neighbouring 
chamber,  and  both  are  conducted  through 
passage  outlets  at  one  end  of  the  furnace,  where, 
mingling,  they  burn,  producing  the  heat  due  to 
their  chemical  action.  Passing  onwards  to  the 
other  end  of  the  furnace,  they  (that  is,  the 
combined  gases)  find  precisely  similar  outlet*, 
down  which  they  pass,  and,  traversing  the  two 
remaining  regenerators  from  above  downwards,  ' 
heat  them  intensely,  especially  the  upper  part, 
and  so  travel  on  in  their  cooled  state  to  the 
shaft  or  chimney.  Now  the  passages  between 
the  four  regenerators  and  the  gas  and  air  are 
supplied  with  valves  and  deflecting-plates,  which 
are  like  four-way  cocks  in  their  action ;  so  that 
by  the  use  of  a  lever  these  regenerators  and 
airways,  which  were  carrying  off  the  expended 
fuel,  can  in  a  moment  be  used  for  conducting 
air  and  gas  into  the  furnace ;  and  those  which 
just  before  had  served  to  carry  air  and  gas  into 
the  furnace,  now  take  the  burnt  fuel  away  to 
the  stack.  It  is  to  be  observed,  that  the 
intensely  heated  flame  which  leaves  the  furnace 
for  the  stock  always  proceeds  downwards 
through  the  regenerators,  so  that  the  upper  part 
of  them  is  most  intensely  ignited,  keeping  back, 
as  it  does,  the  intense  heat ;  and  so  effectual  are 
they  in  this  action,  that  the  gases  which  enter 
the  stack  to  be  cast  into  the  air  are  not  usually 
above  300°  Fohr.  of  heat  On  the  other  hand, 
the  entering  gas  and  air  always  pass  upwards 
through  the  regenerators,  so  that  they  attain  a 
tenqjerature  equal  to  a  white  heat  before  they 
meet  in  the  furnace,  and  there  add  to  the 
carried  heat  that  is  due  to  their  mutual  chemi- 
cal action.  It  is  considered,  that  when  the 
furnace  is  in  full  order,  the  heat  carried  forward 
to  be  evolved  by  the  chemical  action  of  combus- 
tion is  about  4,000°,  whilst  that  carried  back  by 
the  regenerator  is  about  3,000°,  making  an 
intensity  of  j>ower  which,  unless  moderated  on 
purpose,  would  fuse  furnace  and  all  exposed  to 
its  action. 

"  Thus  the  regenerators  are  alternately  heated 
and  cooled  by  the  outgoing  and  entering  gas 
and  air;  and  the  time  for  alternation  is  from 
half  an  hour  to  an  hour,  as  observation  may  | 


indicate.  The  motive  power  on  the  gas  is  of  two 
kinds ;  a  slight  excess  of  pressure  within  is  kept 
up  from  the  gas-producer  to  the  bottom  of  tie 
regenerator,  to  prevent  air  entering  and  minglkg 
with  the  fuel  before  it  is  burnt ;  but  from  the 
furnace,  downwards  through  the  regenerator^ 
the  advance  of  the  heated  medium  is  goverwd 
mainly  by  the  draught  in  the  tall  stack  or 
chimney. 

"  Great  facility  is  afforded  in  the  management 
of  these  furnaces.  If,  whilst  glass  Ls  in  tie 
j  course  of  manufacture,  an  intense  heat  is  re- 
quired, on  abundant  supply  of  gas  and  air  is 
given.  When  the  glass  is  made,  and  the 
condition  has  to  be  reduced  to  working  tem- 
perature, the  quantity  of  fuel  and  air  is  reduced. 
If  the  combustion  in  the  furnace  is  required  to 
be  gradual  from  end  to  end,  the  inlets  of  air  aisd 
gas  are  placed  more  or  less  aj»rt  the  one  from 
the  other.  Tho  gas  is  lighter  than  the  air  ;  and 
if  a  rapid  evolution  of  heat  is  required,  as  in  a 
short  puddling  furnace,  the  mouth  of  the  gas 
inlet  is  placed  below  that  of  the  air  inlet.  If 
the  reverse  is  required,  as  in  the  long  tube- 
welding  furnace,  the  contrary  arrangement  is 
'  used.  Sometimes,  as  in  the  enomeller's  furnace, 
wliich  is  a  long  mufile,  it  is  requisite  that  the 
heat  be  greater  at  the  door  end  of  the  muffle 
and  furnace,  because  the  goods  being  put  in 
and  taken  out  at  the  same  end,  those  whkh 
enter  last,  and  are  withdrawn  first,  remain,  of 
course,  for  a  shorter  time  in  the  heat  at  that 
end ;  and  though  the  fuel  and  air  enter  first  at 
one  end  and  then  at  the  other  alternately,  still 
the  necessary  difference  of  temperature  is  pre- 
served by  the  adjustment  of  the  apertures  at 
those  ends. 

"  Not  merely  can  the  supply  of  gas  and  air 
to  tho  furnace  be  governed  by  valves  in  the 
paKsagos,  but  the  very  manufacture  of  the  gas 
fuel  itself  can  be  diminished,  or  even  stopped, 
by  cutting  off  the  supply  of  air  to  the  grate  of 
tho  gas-producer ;  and  this  is  important,  inas- 
much as  there  is  no  gasometer  to  receive  and 
preserve  the  aeriform  fuel,  for  it  proceeds  at 
once  to  the  furnaces. 

"  Some  of  the  furnaces  have  their  contents 
open  to  the  fuel  and  combustion,  as  in  the 
puddling  and  metal  -  melting  arrangements  ; 
others  are  enclosed,  as  in  the  muffle  furnaces 
and  flint-glass  furnaces. 

"  The  economy  in  the  fuel  is  esteemed  prac- 
tically as  one-half,  even  when  the  same  kind  of 
coal  is  used,  either  directly  for  the  furnace  or 
for  the  gas-producer ;  but  as  in  the  latter  case 
the  most  worthless  kind  can  be  employed,  such 
as  slack,  etc.,  which  can  be  converted  into  a 
clean  gaseous  fuel  at  a  distance  from  the  place 
of  the  furnace,  so,  many  advantages  seem  to 
present  themselves  in  this  part  of  the  arrange- 
ment." 

Professor  Faraday  concludes  his  lecture  "srith 
the  following  conclusive  figures  : — 

"  Carbon,  burnt  perfectly  into  carbonic  acid 
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in  a  gas-producer,  would  evolve  about  4,000°  of 
heat ;  but  if  burnt  into  carlwnic  oxide,  it 
would  only  evolve  1,200°.  The  carbonic  oxide, 
in  its  fuel  form,  carries  on  with  it  the  2,800° 
in  chemical  force,  which  it  evolves  when 
burning  in  the  real  furnace  with  a  sufficient 
supply  of  air.  The  remaining  1,2005  are  j 
employed  in  the  gas-producer  in  distilling 
hydro-carbon,  decomposing  water,  <fcc.  The 
whole  mixed  gaseous  fuel  can  evolve  about 
4,000°  in  the  furnace,  to  which  the  regenerator 
can  return  about  3,000°  more." 

The  advantages  of  the  regenerative  gas-furnace 
are  thus  summarised  by  Mr.  Siemens : — 1st. 
living  of  fuel,  amounting  to  from  40  to  50  per 
cent,  in  the  quantity ;  besides  wliich,  the  most 
inferior  qualities  of  fuel,  such  as  slack,  coke- 
dust,  lignite,  and  peat,  may  be  employed,  pro- 
ducing a  money  saving,  in  many  instances, 
amounting  to  75  per  cent.  2nd.  Unlimited 
command  of  heat  without  intense  chimney- 
draught,  owing  to  the  principle  of  accumulation 
involved.  3rd.  Great  purity  and  gentleness  of 
flame,  which  greatly  diminishes  the  oxidation, 
or  deterioration,  of  the  material  heated  in  the 
furnace,  and  improves  the  quality  of  the  pro- 
duce. 4th.  Increased  durability  of  furnace, 
owing  to  the  absence  of  ashes,  and  a  perfect 
imiformity  of  heat  throughout  the  furnace. 
5th.  Saving  of  space  within  the  works,  and 
great  cleanliness  of  operation,  the  fuel  being 
converted  into  gas  outside  the  works.  Cth. 
Complete  command  of  the  intensity  of  the  heat, 
and  of  the  chemical  nature  of  the  flame,  which 
may  be  arrested,  or  changed  from  a  reducing  to 
an  oxidizing  flame,  or  the  reverse,  at  any  one 
moment,  tending  to  facilitate  and  improve  all 
metallurgical  operations.  7th.  Complete  ab- 
sence of  smoke  from  the  stack,  which  renders 
this  furnace  beneficial  to  the  public  in  large 
towns. 


CHAPTER  III. 

AIR-PUMPS. 

Air-pumps  are  specially  represented  by  the 
vacuum-engines  employed  for  the  evaporation  of 
syrups  in  the  manufacture  of  sugar.  Vacuum- 
engines  have  already  been  noticed,  with  other 
augar-refining  apparatus  (see  page  263,  ante). 

Messrs.  Gargan  &  Co.,  Paris,  exhibited  draw- 
ings of  a  gas-exliausting  engine,  designed  for 
drawing  off  the  gas  produced  in  the  retorte 
employed  in  its  manufacture,  at  such  a  rate  as 
to  maintain  the  gas  at  a  pressure  not  exceeding  ! 
that  of  the  atmosphere.  Leakage  of  gas  Is  thus 
prevented,  which  otherwise  takes  place,  not  only 
through  holes  or  fissures,  but  even  through  the 
material  of  the  retorts  themselves.  A  saving  of 
1 G  per  cent,  in  gas  is  reported  to  have  been 
made  by  the  application  of  the  exhauster.  The 


exhauster  also  forces  the  gas  through  the  puri- 
fiers. The  engine  consists  of  one  steam-cylinder, 
and  works  three  parallel  double-acting  gas- 
cylinders,  by  means  of  which,  with  the  aid  of  a 
gas-holder,  a  steady  current  is  obtained.  This 
engine  has  successfully  superseded  the  fan  pre- 
viously employed  for  exhausting  the  gas,  and 
with  considerable  economy  of  power. 

M.  Silbermann,  Paris,  exhibited  an  air-pump, 
for  use  as  a  philosophical  instrument,  in  which 
a  multiple-way  cock  is  applied,  for  the  purposo 
of  opening  a  communication  between  the  pump 
and  any  one  of  these  vessels,  from  which  air  or 
gas  may  be  withdrawn  and  forced  into  one  of 
the  others. 

The  blast-engines  exhibited  by  the  Lilleshall 
Company,  and  by  M.  L.  Perard,  have  already 
been  noticed  with  steam-engines  (see  pages  308 
and  317,  ante). 


CHAPTER  IV. 

FANS. 

Mr.  Georgo  Lloyd,  London,  exhibited  his 
noiseless  disc  fan,  wliich  was  also  exhibited  in 
1851,  and  in  1855.  The  blades  are  curved 
1  wick  wards,  and  are  tapered  in  width,  being  nar- 
rowed towards  the  circumference,  and  enclosed 
and  fixed  air-tight  within  two  conical  discs, 
which  revolve  with  them.  The  complete  con- 
duction of  the  air  between  the  discs,  without 
loss  by  leakage  at  the  sides  of  the  blades,  not 
only  improves  the  efficiency  of  the  fan  as  com- 
pared with  the  older  and  common  sort,  but  also 
renders  it  noiseless.  According  to  the  experi- 
ments made  by  the  Jury  in  1851,  by  means  of 
Morin'B  dynamometer,  on  a  30-inch  Lloyd's 
fan,  the  highest  efficiency,  or  proportion  of  work 
yielded  by  it,  was  34  per  cent  of  the  power 
transmitted  to  it 

Mr.  John  R.  Davison,  London,  exlubited  a 
hot-air  fan,  otherwise  called  the  thermanlerion— 
pure  Greek  ! — which,  being  translated,  means  a 
box  of  heat.  It  is  a  cleverly  designed  and  efficient 
machine  for  propelling  and  at  the  same  time 
heating  a  current  of  air.  The  fan  is  placed  in 
the  centre  of  a  large  flat  case  of  a  spiral  form, 
into  the  coils  of  which  hot  water  or  steam  is 
admitted.  The  air  is  projn-lled  l>etwcen  the  coils, 
and  absorbs  heat  from  the  heated  surfaces  on  ita 
jNusange  towards  the  circumference.  A  machine 
to  propel  2,000  cubic  feet  of  heated  air  per 
minute  Is  said  to  l>e  capable  of  being  worked  by 
l^-horse  power.  The  machine  is  suitable  for 
heating  buildings,  and  for  drying  purjKwes  (fig. 
399). 

Mr.  James  Howorth,  Faraworth,  Bolton,  ex- 
hibited his  revolving  Archimedian  screw  venti- 
lators, or  windmills,  for  ventilating  public  or 
private  buildings.  They  are  30  inches  in  dia- 
meter, and  are  made  to  be  turned  by  steam  or 
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other  power.  They  are  naid  to  be  extensively 
employed  for  expelling  accumulations  of  hot  air, 


exhibited  Plait  <£•  Schielea  tUe.nl  fan.  It  has  but 
one  central  entrance  for  air,  on  one  side,  and  the 


Fio.  401. 


Hot-aib  Fix,  or  Tin  iVAKTFal.  s.  I>t  Mr.  John  It  D»tUod,  London. 
A,  inlet  for  iteam;  11,  outlet  for  condewed  it  ram;  C,  outlet  Tor 
but  air;  1>,  the  fan. 

sulphurous  gases,  dirt,  waste-flyings,  Ac.,  inci- 
dental to  factories,  stables,  drc.    The  principal 
Fio.  400.  features  are  the  hood, 

the  screw,  and  the 
means  of  lubrication 
by  internal  arrange- 
ments. The  hood  is 
formed  with  lateral 
vanes  for  the  escaj>e 
of  the  hot  air,  and  to 
prevent  rain  or  wind 
beating  in.  A  dis- 
tinct series  of  curved 
vanes  are  fixed  upon 
the  top  of  the  hood, 
to  be  acted  upon  and 
revolve  by  the  wind. 
The  screw  is  fixed  on 
the  spindle  of  the 
hood,  and  revolves 
with  it,  producing  a 
continuous  exhaust- 
ing current  upwards. 
The  screw  ventilator, 
it  is  stated,  will  work 
from  four  to  six  years, 
in    good  condition, 

SKh^fS^.£SS  freely  ***  noiselessly 

(fig.  400). 

The  North  Moor  Foundry  Company,  Oldham, 


Plait  1  ScuiLl's  SlLiat  Fas,  by  the  North  Moor  Foundry  C  _■=.}  n  - 

Fio.  402. 


Scuikli  &  Wiluaxs'i  BlabtKsoixi.  by  the  North  Moor  Fooiry 
Company,  Oldham. 


air  is  expelled  from  the  case  at  the  opposite 
side,  in  the  direction  of  the  axis  of  the  fan 
These  fans  are  said  to  be  capable  of  exhausting 
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20,000  cubic  feet  of  air  per  lb.  of  coal  consumed 
in  driving  them,  producing  a  vacuum  equal  to  1 } 
inches  of  water.  For  the  purpose  of  increasing  the 
force  of  the  blast,  two  or  more  fans  are  joined 
together,  the  first  discharging  the  air  at  a  pressure 
of  J  lb.  per  square  inch  into  the  second,  from 
which  it  receives  an  additional  impetus,  repre- 
sented by  an  extra  pressure  of  j  lb.  per  square 
inch,  before  being  finally  discharged,  or  delivered 
to  a  third  fan  for  further  compression  (fig.  401). 

The  same  firm  exhibited  a  "  blasLengine,"  or 
blowing  fan,  patented  by  Messrs.  Schiele  «fe 
Williams,  consisting  of  a  fan  having  its  wings 
curved  and  tarred,  exj>elling  the  air  at  the 
circumference,  mounted  on  the  same  shaft  with 
a  steam-turbine  which  drives  it.  This  fan  is 
particularly  applicable  to  the  ventilation  of 
steam  and  sailing  vessels  (fig.  402). 

M.  Lemiellc,  Valenciennes,  exhibited  a  ven- 
tilating fan  for  coal-mines,  which  by  its  action 
produces  air-chambers  of  various  capacity,  and 
acts  rather  like  a  piston-machine.  It  is  said  to 
give  good  results  in  ventilating  mines,  and  it  is 
employed  also  as  an  air-blast  in  large  works. 

The  Vienna  Imperial  and  Royal  Commission 
for  the  ventilation  of  military  hospitals,  Vienna, 
exhibited  Dr.  Beyer's  screw  ventilator,  consist- 
ing of  a  screw  or  wheel,  with  inclined  blades, 
enclosed  in  a  tube.  The  rotary  motion  of  the 
screw  sets  the  air  in  motion  through  tho  tube. 


It  is  stated  that  this  ventilator  has  attained  an 
efficiency  equal  to  55  per  cent,  of  the  power 
applied  to  it. 


CHAPTER  V. 

ELECTRO-MAONETIC  ENGINE. 

Mr.  H.  C.  Hurry,  Worcester,  exhibited  on 
electro-magnetic  engine,  deriving  its  motive  power 
from  the  united  force  of  attraction  and  repulsion 
of  electro-magnets.  A  revolving  disc,  7  feet  in 
diameter,  carries  four  tiers  of  magnets,  which 
are  resi>ectively  opposite,  and  revolve  within,  four 
concentric  tiers  of  magnets  fixed  into  an  external 
casing  as  closely  as  is  practicable  without  actual 
contact.  There  are  220  magnets  in  each  tier  in 
the  revolving  disc,  and  only  200  in  each  of  the 
exterior  tiers.  The  polarity  of  the  revolving 
magnets  is  changed  at  the  instant  of  passing  each 
of  the  fixed  magnets,  so  that  by  an  alternate 
exercise  of  attraction  and  repulsion,  in  approach- 
ing and  receding,  a  motive  power  is  exerted, 
causing  the  disc  to  revolve.  The  machine  was 
estimated  by  Mr.  Hurry  to  Ihj  capable  of  exert 
ing  20  actual  horse-power  ;  but  it  was  never  put 
to  work.  Tho  estimated  power  is  probably  too 
high. 


SECTION  VI. 
UNCLASSED  MACHINES. 


CHAPTER  L 

STEAM  CRANES  AND  WINCHES. 

Messrs.  A.  Chaplin  <fe  Co.,  Glasgow,  exhibited 
two  5 -ton  portable  steam-cranes,  which  were 
employed  in  tho  Western  Annex  in  loading, 
unloading,  and  distributing  the  goods  for  exhi- 
bition ;  and  this  they  did  in  a  very  satisfactory 
manner.  The  crane  is  erected  upon  a  plate-iron 
carriage,  on  four  wheels  to  run  on  rails  or  on 
the  ground.  The  central  pillar  is  bolted  to  a 
huge  sole-pkte  with  a  circular  nice  of  consider- 
able diameter,  to  carry  the  friction -rollers  at  the 
foot  of  the  jib,  and  receive  the  thrust.  The 
engine  and  l>oiler  can  be  swung  completely 
round  on  the  pillar,  and  they  counterlwJance  the 
load  in  all  positions.  There  is  a  commodious 
platform  at  the  back  of  tho  boiler  for  the  driver, 
whence  he  can  work  the  crane.  The  water-tank 
is  on  one  side  of  the  boiler,  and  the  coail-lx>x  is 
below  it*  The  engine  has  two  steam-cylinders 
6  niches  in  diameter,  with  10  inches  of  stroke, 
with  the  link-motion  for  starting  and  reversing ; 
and  the  gearing  is  made  with  two  motions,  for 
hoisting  and  lowering,  and  for  turning  round, 


either  of  which  can  be  put  into  gear  by  a  hand- 
clutch,  whilst  a  brake  is  worked  by  the  foot  to 
regulate  the  descent  of  the  loads.  The  turning 
motion  is  effected  by  means  of  a  worm  working 
into  a  spur-wheel  fixed  on  the  pillar.  Tin? 
boiler  is  vertical,  with  upright  flue-tubes,  which 
are  not  parallel-sided  as  usual,  but  tapered 
upwards  from  the  lower  end  to  just  l>elow  the 
water-line,  whereby  they  arc  enlarged  to  their 
full  diameter  and  carried  straight  up  through 
the  steam-space.  The  object  of  this  formation 
of  the  tubes  is  to  aid  in  detaining  the  heat, 
communicating  it  to  the  water,  whilst  the  upper 
and  under  portions  which  pass  through  the 
steam- room  sujHjrheat  the  steam  to  a  greater 
or  less  extent,  and  are  uninjured  by  the  heat 
escaping  through  them.  With  steam  of  501b. 
pressure  per  square  inch,  the  cranes  have  lifted 
7£  tons,  making  100  revolutions  of  the  engine 
per  minute.  The  purchase  is  alnait  40  to  1. 
The  jibs  may  be  raised  or  lowered  by  means 
of  a  worm  and  wheel  on  tho  top  of  the  column 
(fig.  403). 

Messrs.  Chaplin  tfc  Co.  exhibited  also  a  ship's 
engine,  with  apparatus  for  winding,  cooking,  and 
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S-TOS  Poitablb  Sisim-C ium,  by  Meein.  CbapUn  &  Co  ,  Ola«rnw.    Employed  in  the  Wratern  Annex,  for  loading  ud  nnV^f.f 

the  Good*. 


distiUing,  in  combination.  It  is  for  use  on 
board  tulips  «>f  every  class,  and  more  especially 
in  the  larger  class  of  sailing  ami  jMisscnger 
Hhijw.     It  in  so  arranged  that  one  fire  serves 


both  for  the  steam-boiler  and  for  cooking 
operations  in  the  galley.  The  total  consump- 
tion of  fuel  is  said  not  to  exceed  that  of  an 
ordinary   cooking    galley,   whilst  the  stean.- 
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fiuir's  K\u:se,  with  Apparatui  for  Winding,  Couk.ing,  and  DuliUing,  by  ileun.  Chaplin  X  Co. 


engine  and  hoisting-winch  are  always  ready  for 
aiding  the  crew  in  performing  the  heavy  work 
of  the  ship,  a*  heaving  anchors,  discharging 
cargo,  working  the  ship's  pumps.    The  engine 


Ls  fitted  with  the  link-motion  for  reversing  ;  tl* 
main  hoistiiig-lmrrel  Ls  applied  to  the  heavier 
work  of  taking  in  or  discharging  carg.1; 
whilst  the  barrel-shaft   is  prolonged  through 
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the  sides  of  the  deck-house,  with  a  winch  on 
each  end  to  give  a  purchase  for  setting  sails,  <fcc. 
The  ship's  pumps  and  the  windlass  are  driven 
by  means  of  endless  pitch-chains.  The  ovens 
and  hot  plates  are  placed  at  the  back  of  the 
boiler,  to  which  the  hot  gases  aro  conducted 
from  the  boiler  furnace  through  an  oj>ening  in 
the  side  of  the  boiler  regulated  by  a  valve. 
Boiling  may  be  conducted  in  the  tanks  by  means 
of  steam  in  pipes  from  the  boiler.  A  supple- 
mentary fire  may  be  lighted  up  in  the  range 
when  the  boiler  is  under  repair  (fig.  404).  The 
distilling  apparatus  for  providing  fresh  water  has 
already  been  noticed.    (See  aide,  page  274.) 

Messrs.  Lumley  «fc  Watsou,  London,  exhibited 
a  :>  t<>».  ship's  steam-crane,  applicable  also  for 
wharfs.  This  crane  is  compactly  arranged, 
apart  from  the  boiler,  upon  a  fixed  central 
pillar  let  through  the  deck,  into  a  bearing 
below.  There  are  two  upright  cylinders, 
5  k  inches  in  diameter,  1 0  inches  stroke,  bolted 
to  the  frame-sides  at  the  lower  part,  and 
connected  to  the  crank-shaft  overhead.  The 
steam-pipe  is  carried  below  the  deck,  into  the 
interior  of  the  pillar,  and  j>assed  up  through 
the  top,  and  thence  to  the  cylinders.  It  is  ex- 
hausted into  an  annular  chamber  surrounding 


the  post,  from  which  it  passes  off"  through  the 
post,  and  away  by  a  pipe  under  the  deck  and 
through  the  side  of  the  ship.  By  means  of  a 
circular  rack  fixed  at  the  base,  the  crane  may 
bo  turned  completely  round  by  steam.  When 
goods  are  lifted  to  the  proper  height,  they  aro 
held  there  by  a  brake,  and  the  gearing  shifted, 
when  the  crane  may  be  turned  round  by  steam, 
making  a  complete  revolution  if  required.  The 
goods  are  then  lowered  by  the  brake.  Steam  of 
301b.  pressure  per  square  inch  is  sufficient  to 
work  the  crane.  This  is  a  compact  and  useful 
crane,  and  cleanly,  as  the  steani-pij>es  aro  kept 
out  of  the  way. 

Mr.  T.  Worsdell,  Birmingham,  exhibited  a 
30-cwt.  portable  steam-cram,  working  on  a 
turntablo  with  livo  rollers,  with  tho  boiler 
attached  as  a  counterweight ;  the  whole  being 
placed  on  a  low  railway-truck,  with  four  cast-iron 
wheels,  and  with  prolonged  axles  to  receive  plain 
wheels  for  running  on  common  roads  when 
required.  The  foundation-plate  is  a  strong 
ribbed  casting,  which  extends  the  whole  length 
and  breadth  of  the  oak  framing  of  the  carnage 
to  which  it  is  bolted.  The  base  frame-plate  of  the 
crane  is  a  deep  ribbed  hollow  casting,  serving  as  a 
reservoir  for  feed-water  ;  and  between  it  and  the 
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30-cwt.  Poiublb  8«AM-CitiHi,  by  Mr.  T.  Wor»dell, 


foundation-plate  the  live  rollers  are  interposed, 
so  that  the  crane  may  be  turned  by  hand  when 
carrying  tho  load.  There  are  two  cylinders,  3£ 
inches  in  diameter,  with  6  inches  stroke,  which 
turn  a  worm-shaft,  gearing  with  a  wheel  on  tho 
end  of  the  shaft  carrying  the  barrel.  The  worm, 
with  the  four  excentrics  employed  to  work  the 
link-motion  for  reversing,  is  formed  out  of  the 
solid  iron.    The  barrel  is  G  inches  in  diameter ; 


it  is  loose  on  tho  shaft,  and  is  tightened  by  means 
of  friction-cone*  put  in  and  out  of  gear  by  a 
screw,  so  that  adhesion  is  had  for  lifting  weights, 
and  friction  for  lowering  them  when  required, 
without  reversing  by  steam.  This  method  of 
lowering,  by  using  the  friction-cones  as  a  brake, 
is  very  efficient  in  practice,  and  can  be  done,  if 
required,  without  stoppingthe  engines.  Tho  jib  is 
usually  madeof  wood,  and  has  about  1 1  feet  radius. 
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The  speed  ut  which  the  weight  may  be  raised  is 
estimated  at  the  rate  of  30  feet  per  minute. 
The  boiler  is  cylindrical  and  upright,  2  feet 
3  inches  in  diameter,  and  4  feet  high  ;  it  con- 
tains 40  (lur  tuJ.cs  1 .1  inch  in  diameter  ami  2  feet 
9  inches  long.  The  exhaust-pipe  passes  tipwards 
through  the  centre.  The  firebox  is  concentric 
(fig.  405). 

Mr.  Worsdcll  also  exhibited  a  scries  of 
hydraulic  jack*,  one  of  which  weighs  1441b., 
and  is  capable  of  lifting  40  tons  of  load  10  inches 
high ;  a  traversing  screw  jack,  with  a  solid  brass 
l>ody,  to  lift  15  tons;  a  hyilrnulic  wire-tenter,  to 
prove  to  8  tons,  weighing,  with  the  case,  100  lb.  ; 


and  a  hydraulic  girder-tester,  to  prove  to  100 
tons,  weighing  3  cwt.  981b.,  on  four  wheels. 

Messrs.  Appleby  Brothers,  London,  exhibited 
a  portable  steam-crane,  having  the  engine,  bofl«\ 
and  gearing  framed  together,  and  hung  upon  arxl 
revolving  round  a  central  pillar,  to  balance  tie 
load.  The  cylinder  is  upright,  and  fixed  upon  one 
side  of  the  boiler,  and  working  a  crankshaft 
overhead.  The  foot  of  the  jib  runs  uj>on  a 
small  circular  race — scarcely  large  enough  for 
stiffness, — at  the  base  of  the  column.  There  is 
a  governor  to  regulate  the  speed.  Query,  I- it 
required  1  The  whole  apparatus  is  fixed  hjmi 
a  four-wheeled  truck  (tig.  406). 


Fio.  «o. 


PoITaiili  Steiu-Cjuiib,  by  Messrs.  Appleby  Brothers,  London. 


Messrs.  Ransomes  »k  Sims,  Tpswich,  exhibited 
a  5-horse  power  portable  steam-crab,  fitted  with 
Biddell  »fc  Balk's  boiler,  before  noticed  ( ante, 
p.  327).  The  crab,  engine,  and  boiler  are  all  car- 
lied  on  four  wheels.  The  end)  is  capable  of  rais- 
ing about  25  cwt,  at  a  rate  of  from  70  to  80  feet 
jut  minute,  and  consists  of  a  horizontal  drum, 
beneath  the  boiler.  Tho  rope,  which  generally 
passes  through  a  snatch-block,  and  over  the 
swivel  pulley  on  the  fore  carriage,  is  wound  up 


on  tho  winding-drum,  which  is  furnished  with  a 
ratchet-wheel  to  retain  it  in  its  ]>osition,  and  afe> 
with  a  lever  and  rollers  to  enable  the  driver  Ut 
coil  the  ro|»e  properly.  The  brake,  worked  hr 
the  foot,  assists  in  lowering  and  stopping  sud- 
denly, and  is  released  by  means  of  a  counter- 
weight when  the  foot  is  removed.  The  engutf 
is  made  to  reverse,  to  facilitate  starting,  and  fix 
the  purpose  of  unwinding  the  chain  or  rope  ee 
the  drum,  so  as  to  aid  in  the  descent  of  the  end 
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of  the  chain  or  rope.    The  crab  can  Ik?  worked 
by  one  man  standing  in  one  place  (figs.  407). 
Messrs.  James  Taylor  <fe  Co., 

Birkenhead,  exhibited  a  tsteam- 
winch,  with  two  steam-cylinders 
working  diagonally,  one  at  each 
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through  snatch -blocks.  At  a  given  signal,  by 
means  of  a  white  flag,  the  engine  was  started, 


8T«iM-WixcH,  Ijt  MeMr*.  J»mft  T»ylor  A  Co., 
'  Birkenhead. 


id  of  the  winch,  to  a  crank-shaft 
overhead,  with  double  sjx-eds.  A 
windlass  is  fixed  on  one  end  of 
the  barrel-shaft,  and  a  drum  on 
the  other  end  for  a  quick  purchase. 
A  friction-wheel  is  applied,  braked 
by  the  foot.  The  link-motion  is 
a] 'plied  for  starting,  stopping,  and 
n-versing.  The  steam-winch  is 
adapted  for  use  on  shipl>oard,  and 
is  said  to  Ik-  capable  of  doing  from 
Ml  to  1 0 1 >  tons  per  hour  ;  it  is  oc- 
casionally fitted  with  deck-pumps 
(fig.  408). 

Mr.  1\  Ashton,  London,  ex- 
hibited one  of  the  steam-hoi*!*  de- 
signed by  him,  with  the  7-horso 
power  ]K>rtable  engine  by  which 
it  was  driven,  for  the  puqsjsc  of 
hoisting  the  heavy  pieces  employed 
in  the  construction  of  the  Exhi- 
bition budding.  The  hoist  con- 
sists of  two  grooved  cast-iron  bar- 
rels, which  are  made  to  revolve 
hy  means  of  a  system  of  toothed 
gearing,  driven  by  the  portable 
engine.  A  rojHJ  is  placed  several 
times  over  the  ban-els,  and  on 
the  fall  Wing  manned  and  the  l»tr- 
rels  set  in  motion,  the  coils  of 
the  rope  are  gathered  up,  and 
great  hoisting  j>ower  is  obtained. 
The  engine  is  fitted  with  the  link- 
motion  for  Btiirting,  stopping,  or 
revei-sing  at  a  second's  notice. 
Two  such  steam-hoists  were 
Kuflieient  for  the  service  of  the 
building.  Each  hoist  having 
been  secured  to  four  piles  driven 
into  the  ground,  and  connected 
to  the  engine  by  a  driving- 
Is.'!  t,  ropes  were  laid  from  the 
hoist  to  all  parts  of  the  building, 
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anil  the  loads,  ils  girders,  columns,  and  beams, 
were  hoisted  to  tho  requisite  clevution  when 
the  stop-signal  was  given  by  means  of  a  red 
flag,  and  promptly  obeyed.  The  average  speed 
of  lifting  was  25  feet  per  minute  ;  for  instance, 
girders  weigliing  1J  tons  each  were  hoisted 
.'><>  feet  high  in  two  minutes.  The  main  ribs  of 
the  nave  were  hoisted  in  two  pieces,  weighing 


3  tons  each,  and  hoisted  in  six  minutes.  .Mr. 
Ashton's  steam-hoists  were  distinguished  i>r 
their  safety,  steadiness,  and  power;  there  »rc 
no  undue  strains  or  jerking  of  the  tackle,  and 
the  adhesion  of  the  rojie  is  so  considerable,  that 
loads  of  three  tons  have  been  hoisted  whilst 
the  fall  has  been  held  by  a  finger  and  thumb 
(fig.  409). 


Fio.  V*K 


Stum-Hoist,  by  Mr.  Peter  A»hton,  London.   Employed  in  the  Construction  of  the  Exhibition  Building*. 


Mr.  F.  E.  Sickles,  New  York,  exhibited  a 
Hteam-ateering  apftar(Uu«f  which  enables  one 
person  to  control  the  course  or  direction  of  a 
ship  with  ease.  The  machine  exhibited  was 
taken  off  the  steamer  Augiwta,  while  she  was 
lying  at  the  port  of  New  York,  in  order  to  be 
sent  for  exhibition  (fig.  410).  The  machine 
consists  principally  of  two  steam-cylinders 
working,  at  right  angles,  upon  a  pinion-shaft, 
gearing  into  a  large  spur-wheel  fastened  on  the 
spindle  of  the  steering  windlass,  by  the  medium 
of  a  friction-plate  lined  with  wood,  of  adjustable 
tension.  The  slide-valves  of  the  engine  are 
worked  by  hand,  by  means  of  one  of  the  two 
hand-wheels, — the  near  one, — and  a  spur-wheel 
and  pinion,  the  exeentries  being  fixed  on  the 
spindle  of  the  pinion.  Thus  the  process  of 
steering  is  ]>erfectly  under  control,  and  is  ac- 
complished with  ease.  The  second  of  the  two 
wheels  is  available  for  hand-steering,  should  it 
be  required  to  be  resorted  to ;  and  by  means  of 
a  screw-clutch,  the  hand-steering  apparatus  may 
be  disconnected  from   the   steam-gear.  The 


captain  of  the  steamer  Augusta  writes  thus  of 
the  Steam  Steering-Machine  on  the  10th  April, 
18G0  : — "The  value  of  this  improvement  to* 
clearly  shown  during  a  heavy  gale  :  it  required 
but  one  man  to  steer,  and  this  he  did  without 
the  application  of  more  power  by  him  than 
could  be  exerted  by  one  hand,  it  being  only  so 
much  as  was  necessary  to  work  the  balance- 
valves.  The  large  rudder,  with  ample  steam  - 
power  to  ojierate  it,  gave  to  the  pilot  far  greater 
control  of  the  movements  of  the  vessel,  in  every 
emergency  of  our  situation,  than  could  have 
been  obtained  without  the  use  of  this  steering 
apparatus  ;  and  to  this  superior  control  of  the 
vessel  during  the  gale  I  attribute  the  fact  that 
we  saved  the  boat,  and  were  able  to  reach  Nor- 
folk When  the  rudder  was  struck  by  a  luavy 
sea,  tho  friction-wheel  enabled  the  rudder  to 
yield  to  the  pressure  without  breakage  of  die 
sternum  el  mil  is,  or  any  possible  injury  to  the 
pilot." 

The  Patent  Frictional  Gearing  Company. 
Glasgow,  exhibited  a  2-ton  stenm-icinch,  fined 


Digitized  by  Google 


STEAM  CRANES  AND  WINCHES. 


419 


Stum  STir.iiso-ArrxiAi 


Mr.  F.  B 


Yorl 


with  their  "  wedge  and  grooved  frictional  gear- 
ing." The  frictional  gearing  was  designed  as  a 
tmbstituto  for  toothed  gearing,  and  it  consists  of 
it  series  of  wedges  and  groove?),  or  triangular 
indentations,  turned  ujmmi  the  circumference  of 
the  wheel,  so  that  the  wedges  of  one  wheel  or 
pinion  may  enter  into  frictional  contact  with 
t  lie  indentations  of  another  to  Ikj  driven  by  it. 
The  wedges  are  formed  to  a  truncated  angle  of 


FuCTIOVAL  Geabisg,  by  the  Patent  Frictional  Gearing  Company,  Glasgow. 
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35°,  measured  in  section,  and  the  bito  or  ad- 
hesion is  generally  alxnit  one  and  a  half  times  the 
pressure  or  force  exerted  to  hold  the  wheels  in 
contact  (For  various  illustrations,  see  figs.  411.) 

In  the  application  of  the  fractional  gearing  to 
the  winch,  two  steam -cylinders  are  applied, 
6  inches  in  diameter,  with  10  inches  stroke, 
turning  a  5-inch  pinion  with  six  wedges  on  its 
circumference,  which  drives  a  3-feet  wheel  with 
five  ribs,  and  a  G-inch  barrel  on  the  same  axle. 
The  clutching  action  is  very  simply  |>erformcd, 
by  drawing  the  pinion  out  of  or  into  contact 
with  the  wheel,  hv  means  of  a  lever  with  cc- 
centric  bearings.  The  frictional  gearing  was 
also  applied  to  work  Mr.  Davison's  hot-air  fan- 
blast,  for  which  purpose  it  appears  to  be  very 
well  adapted. 

The  smooth  action  of  the  frictional  gearing, 
free  from  concussion  and  Iwick-lash,  are  obvious 
advantages.  It  would  be  desirable  to  test  the 
proportion  of  jnjwer  consumed  in  overcoming 
the  rubbing  friction  that  must  necessarily  take 
place  between  the  wedges,  together  with  the 
friction  due  to  the  lateral  pressure  on  the  bear- 
ings, which  probably  is  greater  than  what  arises 
in  well-made  toothed  gear. 


main  hoisting-barrel  at  the  same  time  puts  it 
in  gear  with  a  fixed  clutch  or  with  separav 
gearing.  The  gearing  is  so  arranged  that  u* 
radius  of  the  crane  can  la?  altered  with  little  tr 
no  variation  in  the  elevation  of  the  load 

Mr.  D.  Hart,  London,  exhibited  a  vxighiiy 
crane,  by  means  of  which  the  load  ma}-  W 
weighed  whilst  it  is  suspended  by  the  crane. 

Hinds  vxighing crab,  exhibited  by  Mr.  Kit: 
has  already  been  noticed,  in  connection  wr. 
his  engine-weighing  machine  (see  ante,  page  43). 

Sir  W.  G.  Armstrong  &  Co.,  Newcastle-on- 
Tyne,  exhibited  their  well-known  hydraulic 
cranes  and  capstans.  The  steam-i>ower  i*  L. 
the  first  place  employed  to  work  a  set  of  thn*- 
throw  pumps  to  supply  the  accumulator,  nr 
reservoir  of  water  under  pressure,  from  whick 
the  water  is  distributed  according  to  the  want 
of  water-pressure  engines,  through  which  tk 
|K>wer  is  transmitted  to  the  cranes,  by  mulli 

Figs.  413. 


CHAPTER 

ORDINARY  CRANES  AND  OTHER  HOISTING  TACKLE. 

Messrs,  Bowser  &  Cameron,  Glasgow,  exhibited 
Henderson's  inopeable-derrick  cranes,  which  are 
well  known.  They  were 
employed  in  the  construc- 
tion of  tho  Exhibition 
building,  and  also  in  that 
of  1851,  and  in  unloading 
and  loading  the  goods 
brought  for  exhibition. 
The  derrick  is  adjustable 
to  any  angle,  so  that  the 
crane  commands  three- 
fourths  of  the  entire  area 
within  its  range  round  the 
centre.  The  cranes  |>er- 
formod  tho  duty  with  ease 
and  exjwdition. 

Messrs.  Forrest  <fc  Barr, 
Glasgow,  exhibited  a  m<  (del 
of  a  safely  derrick  crane, 
in  which  the  gearing  is 
arranged  by  means  of  a 
simple  clutch-movement, 
in  such  a  way  that  the 
Iwirrel  for  raising  or  lower- 
ing the  jib  or  derrick 
cannot  under  any  circum- 
stances l»e  left  free  to 
rotate  of  itself,  as  the 
movement  by  which  it 
is  disconnected  from  the 
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plying  tackle,  so  as  to  cause  a  rapid  elevation  of 
the  load  at  the  end  of  the  chain.  The  rotation 
of  the  crane  is  also  effected  by  the  pressure  of 
the  water.  The  reservoir  furnishes  an  advan- 
tageous means  of  maintaining  the  continuous 
work  of  the  machine  with  the  intermittent  work 
of  the  crane.  The  capstan  is  worked  by  a 
three-throw  pump,  on  the  shaft  of  which  a  bevil 
pinion  works  a  wheel  fixed  at  the  base  of  the 
capstan.*    (See  also  page  393.) 

Mr.  T.  A.  Weston,  Birmingham,  exhibited 
his  differential  pulley-Mocks,  or  hoisting-tackle, 
on  the  principle  of  the  differential  cylinder  or 
Chinese  windlass.  An  endless  chain  is  passed 
over  a  double-sheave  block,  of  which  the  two 
Hheaves  are  cast  in  one  piece,  and  it  hangs  down 
in  two  loops,  in  one  of  which  a  single  block  is 
hung,  with  a  hook  for  carrying  the  load  to  be 
hoisted.  The  two  sheaves  of  the  up|>er  block 
are  of  different  diameters,  and  hence  the  purchase 
is  obtained, — a  purchase  of  about  22  to  1  ;  that 
is  to  say,  when  22  links  of  the  cliain  pass  over 
the  larger  sheave,  the  load  is  lifted  the  length  of 
one  link.  But  the  purchase  may  of  courso  be 
varied.  The  chain-links  secure  a  hold  on  the 
sheaves  by  teeth  fixed  in  the  grooves,  and  the 
slight  tendency  to  run  down  Is  prevented  by  the 
friction  of  the  tackle.  Lifting  or  lowering  is 
effected  by  pulling  at  one  side  or  the  other  of 
the  loose  chain.  This  very  convenient  and  effi- 
cient hoisting-tackle  has  been  only  introduced 
extensively  within  the  hist  two  years  (figs.  412, 
!«ige  420.) 

Messrs.  Lumley  »fc  Watson  exhibited 
crabs  and  pulley-blocks,  the  latter  of  which 

Fie  413. 


some  instances  placed  outside,  but  more  com- 
monly inside  with  the  plunger,  constituting  an 
apparatus  simple  and  easily  worked.  The  fric- 
tion by  hydraulic  action  is,  no  doubt,  less  than 
with  gearing,  but  the  bursting  action  of  frost  is 
to  lie  feared,  and  it  may  be  questioned  whether 
the  valves  can  maintain  the  pressure  without 
diminution  for  a  length  of  time.  The  hydraulic 
jack  nevertheless  appears  to  be  extending  in 
use.  They  lift  more  rapidly  than  screw-jacks ; 
lowering  can  1m>  done  under  complete  control, 
regulated  to  any  speed,  and  stopped  at  any  point. 

Messrs.  D.  Adamson  «k  Co.,  Hydo,  exhibited 
hydraulic  lifting-jacks,  which  are  made  of 
various  sizes,  to  lift  from  four  tons  to  fifty  tons. 
An  hydraulic  pomp  Is  placed  inside  at  the 
lower  end  of  tho  lifting-ram.  The  upper  j»art 
of  the  mm  and  the  head  of  the  jack  form  a  self- 
contained  cistern  for  oil  or  water,  no  more  fluid 
being  used  tliau  is  required  to  lift  the  ram  the 
whole  of  the  stroke.  A  se|»arate  claw  or  foot- 
lift  is  supplied,  and  can  Ikj  used  at  any  time 
by  slipping  it  ujton  the  jack -head :  it  slides 
up  the  pillar.  Thus,  for  genend  purj>oses, 
the  jack  may  be  kept  free  from  inconvenient 
projections.  The  cylinder  is  one  solid  forging  ; 
so  is  the  ram,  with  the  addition  of  a  sejMirate 
steeled  head. 

Messrs.  Huxhams  «fc  Brown,  Exeter,  exhibited 
an  hydraulic  lift,  for  raising  and  pushing  heavy 
weights.  The  exhibitors  state  that  ships  of  from 
200  to  400  tons  can  be  gradually  raised  by  it 

Fig.  A*. 


Fcuiy-Blocks,  by  Uhmi,  Lomlry  *  Wa»»on,  London. 

were  employed  in  the  election  of  the 
domes  of  the  Exhibition  building  (figs. 
413). 


Lifl'x tig-jacks. — A  great  variety  of  jacks  were 
exhibited,  worked  by  screws,  or  gearing,  or  by 
hydraulic  power,  for  which  a  small  pump  is 
worked  to  raise  the  plunger.    Tin-  pump  is  in 

•  For  a  full  account  of  tho  water-pressure  machinery 
constructed  by  Sir  W.  G.  Armstrong  &  Co.,  see  tho 
u  Proceedings  of  the  Institution  of  Mechanical  En- 
fcnneers"  for  1868. 


Hydeii  uc  Lift,  by 


It  is  useful  for  a  variety  of  heavy  work,  where  a 
severe  strain  is  to  be  slowly  overcome  (fig.  414). 

Messrs.  Tangye,  Brothers,  it  Price,  Birming- 
ham, exhibited  an  hydraulic  lifting-jack,  which  is 
regulated  by  a  screw.  The  foot  and  cylinder 
are  forged  in  one  piece  (tig.  415). 

Messrs.  George  England  «fc  Co.,  London,  exhi- 
bited their  well-known  traversing  screw-jacks,  by 
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means  of  which  a  load  may  not  only  be  lifted, 
but  also  traversed,  by  means  of  a  horizontal 
screw  in  the  base,  turned  by  means  of  a  nitchet- 


Fio.  416. 


Htdiaclic  Limsr.- J .ic k .  by  If  tun.  Tasgye,  Brother*,  A  Fric«, 
Birmingham. 

handle.  They  have  been  extensively  supplied 
for  locomotive  engines,  and  are  most  useful  in 
replacing  an  engine  on  the  rails  when  thrown 
oil*  by  accident 

Foreign  Cranes.  —Messrs.  Parent,  Schaken, 
Caillet,  &  Co.,  Paris  (the  celebrated  continental 
contractors),  exhibited  a  crane  with  the  Galle 
chain,  on  Neustadt's  system.  The  chain  is  made 
like  a  watch-chain,  without  welds,  in  pieces  pinned 
together,  which  gear  with  a  pinion  or  indented 
wheel,  by  means  of  which  it  is  wound  up  or  let 
out  without  the  intervention  of  a  winding-barrel. 
The  jib  or  derrick  is  constructed  of  two  curved 
wrought-iron  plates,  with  flanges,  by  which  they 
are  bolted  or  riveted  together,  so  as  to  form  a 
stiff  hollow  l>eam.  Many  cranes  on  this  system 
are  at  work  in  France, 

M.  Fauconnier,  Paris,  exhibited  several  cranes 
fitted  with  the  Galle  chain,  and  wrought-iron 
hox-girder  jib.  A  large  crane  cajMible  of  lifting 
12  tons  is  constructed  entirely  of  wrought-iron 
plates,  and  may  Ik;  worked  by  steam, 

M.  Vcrnay,  Paris,  exhibited  a  jtortable  weigh- 
ing elevator,  for  warehouses,  cellars,  or  caves,  by 
means  of  which  tin;  goods  may  be  raised, 
weighed,  carried,  and  deposited  at  any  part  of 
the  floor.  It  is  reported  that  two  men  can 
work  and  move  an  elevator  capable  of  hoisting 
from  IS  to  20  tons.  There  is  a  main  column 
upon  which  the  carrying-platform  slides,  guided 
by  sliding  brackets. 

M.  F.  Winand,  Liege,  exhibited  a  double- 
mfit\j  lifting-jack,  fitted  -with  toothed  gearing 
moved  by  a  worm.  The  worm  locks  the  jack 
in  any  position,  and  the  load  can  only  V  lowered 
by  actually  reversing  the  worm  by  hand. 


CHAPTER  III. 

HTKAM  PILE-DRIVER. 

Mr.  Nasmyth  was  the  first  who  applied  stean.- 
power  to  the  pile-driver.  In  1842  it  occurrel 
to  him  that  the  principle  of  his  direct-actioB 
steam-hammer  might  be  applied  to  supemJe 
the  old  tedious  and  imperfect  mode  of  driving 
piles.  Acconlingly  he  patented  this  applicator* 
of  the  principle,  and  it  was  put  into  practical 


Fig.  ik, 


Sham  PlLl-DltTBR,  by  Meters.  Siiioai  &  While,  B"o! 
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operation  in  184o,  since  which  time  it  has  been 
successfully  employed  in  the  construction  of 
some  of  the  most  gigantic  works  in  Europe, 
America,  and  Africa. 

Messrs.  Sissons  <fc  White,  Hull,  exhibited  a 
steam  pile-driver,  which,  with  the  boiler  on  a 
separate  carriage,  is  traversed  uj>on  a  line  of 
rails.  The  Iwse  of  the  pile-driver  frame  is  in 
two  thicknesses,  tho  upj>cr  one  of  which  is 
capable  of  revolving  like  a  turntable  upon  the 
lower,  and  thus  the  machine  may  be  faced  round 
to  any  of  the  four  sides.  By  means  of  a  steam- 
winch  at  the  base  an  endless  chain  is  kept  in 
continuous  motion  vertically  ;  the  ram  is  en- 
gaged with  the  chain  by  a  bolt  shot  into  one  of 
the  links,  and  is  instantly  lifted.  The  bolt  is 
shot  by  means  of  an  eccentric  cam  within  the 
ram,  turned  by  a  lever  and  roj)e  pulled  by  hand 
from  below.  When  the  ram  is  raised  to  the 
full  height  required,  it  is  released  by  a  striking- 
off  staple  on  the  outside  of  the  leaders,  which, 
striking  the  other  end  of  the  lever,  reverses  the 
cam  and  withdraws  the  bolt  The  total  weight 
of  the  driver  and  boiler  is  6  tons,  including  the 
nun  and  the  mountings,  which  weigh  22  cwt 
There  is  one  steam-cylinder  to  work  the  winch, 
7  inches  in  diameter  and  9  inches  stroke.  The 
chain  usually  travels  at  the  rate  of  one  foot  per 
second,  and  the  ram  usually  falls  about  ten 
times  per  minute,  with  a  five-feet  lift.  The 
boiler  is  usually  worked  at  45  lb.  pressure  per 
square  inch.  Four  men  arc  required  to  work 
the  pile-driver,  with  a  consumption  of  4  cwt  of 
coal  per  day.  The  machine  is  36  feet  high,  and 
is  cajMible  of  pitching  a  pile  30  feet  long  on 
level  ground  (fig.  41G). 


CHAPTER  IV. 

milVINa-BELTS. 

Driving-belts,  or  liands,  for  driving  machinery, 
were  exhibited  in  considerable  variety,  —  of 
leather,  india-rubber,  and  other  substances. 

The  North  British  Rubber  Company,  Edin- 
burgh, exhibited  india-rubber  belting  in  various 
widths.  This  belting  consists  of  a  number  of 
plies  of  cotton  fabric  cemented  together  by  india- 
rubber,  and  is  said  to  possess  tho  advantages  of 
durability  and  superior  adhesion  as  compared 
with  leather.  Tho  machinery  in  motion  in  the 
Western  Annex  was  driven  by  india-rubber  belts 
supplied  by  the  exhibitors,  which  worked  in  a 
satisfactory  manner. 

Messrs.  G.  Spill  <fc  Co.,  London,  exhibited,  in 
Class  IV.,  machinery  belting,  manufactured  from 
flax-yarn,  saturated  with  a  compound  substance 
said  to  be  incapable  of  decomposition.  The 
following  results  of  the  tests  to  prove  the  tensile 
strength  of  this  belting  in  the  chain-cable  testing 


machino  at  Rotherhithe,  appear  to  show  that  it 
is  much  stronger  than  leather  belting  : — 


Belting. 

Width. 

Teturile 
Strength. 

Tentil* 
Strcnjrth  yet 
Inch  Wide. 

No.  1   

Inches. 

5 

5 
10 

■I 

lb. 
fi.272 

7,448 

1G.G32 

2,100 

lb. 

l,25i 
1,489 
1,603 

525 

No.  2   

No.  3   

"  Stout  leather} 
band  of  Rood  f- 
quality"  ...) 

Messrs.  Nobes  <fe  Hunter,  London,  exhibited 
compound  le.  oilier  bells,  manufactured  of  a  strong 
hempen  web  sewed  l>etween  two  plies  of  leather. 

Messrs,  Bryant  «fc  Cogan,  Bristol,  exhibited 
edge-laid  leather  bands,  consisting  of  thin  strips 
of  leather  laid  side  by  side,  breaking  joint,  and 
united  into  one  band  of  the  requisite  width.  It 
is  considered  that  by  the  mode  of  working  the 
strap  on  the  edge  of  the  leather  instead  of  on 
the  face,  the  risk  of  cracking  and  breaking  the 
grain  of  the  material  is  avoided ;  whilst  edge- 
laid  bands  may  be  used  more  slackly  than  ordi- 
nary bands,  as  tho  edge  surface  "  hugs  "  the  drum 
or  pulley  more  than  the  face. 

Messrs.  C.  J.  Edwards  «fc  Son,  London,  exhi- 
bited flat  katlter  driving-bands,  put  together  with 
cemented  joints  no  thicker  than  the  other  \tor- 
tions  of  the  band.  Also,  rouiul  leather  bands, 
from  £  to  1  inch  in  diameter,  either  twisted  or 
solid. 

Mr.  C.  A.  Preller,  London,  exhibited  untanned 
leather  belts.  The  fibres  of  tanned  leather,  ho 
contends,  are  weakened  by  the  ordinary  artificial 
means  used  in  swelling  the  hides,  which  produce 
heavier  and  thicker,  but  spongy  leather.  Mr. 
Prellcr's  leather  is  twice  stretched,  and  is  of 
i  greater  density,  as  it  contracts,  in  drying,  to  the 
original  thickness  of  the  hide;  and  from  the 
results  of  experiments  made  at  Woolwich  Dock- 
yard, to  which  he  refers,  it  is  said  to  have  been 
ascertained  tliat  his  leather  is  at  least  50  per 
cent  stronger  than  tanned  leather. 

Mr.  W.  Potior,  London,  exhibited  gut  wheel- 
fxuuls,  also  bands  of  twisted  leather. 

A  few  other  exhibitors  showed  leather  1  winds 
of  the  ordinary  kind,  which  do  not  call  for 
special  notice. 


CHAPTER  V. 

LUBRICATORS,  ETC. 

Messrs.  G wynne  it  Co.,  London,  exhibited 
Swan's  self-acting  lubricator,  for  shaft-bearings 
of  every  kind.  It  was  shown  in  operation 
upon  the  bearings  of  Messrs.  Gwynne  <fc  Co.'s 
engines,  and  worked  effectively.    By  means  of  a 
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slight  pendulous  motion,  or  a  rocking  motion 
derived,  siiy,  from  a  small  excentric  on  the  shaft, 
motion  is  given  to  a  simple  train  of  gearing 
within  the  oil-box,  by  which  a  small  scoop  or 
ladle  is  caused  to  revolve  slowly  upon  an  axle, 
and  to  dip  into  the  oil  at  each  descent,  and  dis- 
charge the  supply  into  a  tube,  through  which  tho 
oil  is  conducted  to  the  Waring.  By  means  of  a 
set-screw  the  epiantity  of  oil  to  be  lifted  may  \ni 
regulated  wit  h  exactness.  The  toothed  wheels 
are  steadied  by  friction-springs  bearing  ujion  the 


RwAJt'»  Sctv-AcTixo  Liieicitoi,  by 


Owjnne  k  Co., 


circumference.  For  high-speed  bearings,  the 
s|M>ed  is  reduced  by  intermediate  gearing  within 
the  box  (figs.  417). 

Messrs.  Wren  k  Hopkiusou,  Manchester, 
exhibited  Mohlrr*  *rlf-lubricuiuuj  jwtlextul.  The 
journal  working  in  the  jietlestal  has  a  central 
collar  on  the  middle,  which  revolves  in  a  reser- 

Fio«.  418. 


munication  beneath  the  step  with  the  central 
reservoir.  Thus  the  oil  is  kept  continually  in 
circulation  over  the  journal  without  waste 
(figs.  418). 

Messrs.  B.  Hick  k  Son,  Bolton,  exhibited 
Hick's  self-lubricating  jte-ilntnl,  on  the  shafting 
which  was  erected  for  working  the  machinery  in 
motion  in  the  Western  Annex.  Two  reservuhj 
for  oil  are  formed  in  the  lower  part  of  the  pedestal, 
one  at  each  end  of  the  step.  An  endless  cliain 
hung  loosely  on  the  shaft  at  one  end  of  tie 
bearing  revolves  with  it,  and  dipping  into  tie 
oil  lifts  it  in  sufficient  quantity  to  lubricate  tie 
bearing. 

In  Kohler's  and  in  Hick's  systems  of  self- 
lubrication,  the  supply  of  oil  must  be  exchaiu^J 
lUid  renewed  from  time  to  time,  and  it  must  he 
gradually  deteriorated  in  quality  so  long  as  it 
remains  there.  In  Swan's  lubricator,  on  tl>e 
contrary,  the  oil  is  always  freshly  applied,  » 
long  as  the  supply  lasts,  as  it  does  not  circulate, 
like  the  others  ;  and  the  rate  of  supply  can  be 
regulated  to  the  utmost  degree  of  nicety,  aal 
adapted  to  the  requirements  of  a  proper  lubn- 
cation. 

Mr.  Joseph  White,  London,  exhibited  an  oC 
feeder,  or  oil-can,  fitted  with  a  spring-lever  valve 
within  the  chamber,  to  close  the  spout,  ho  th*: 
oil  could  only  be  allowed  to  pass  through  tl»» 
sjiout  at  the  will  of  the  holder,  by  pressing  the 
thumb  upon  a  stud.  . 


Moiutk's  SuLr-LniBicAiiVG  FBMUi  by  Mi 


voir  of  oil  cast  in  the  lower  step,  and  carries  up 
a  continuous  supply  of  oil,  which  lubricates  the 
whole  surface  of  the  journal.  Tho  surplus  oil 
runs  off  at  the  ends  of  the  journal  into  receivers 
formed  in  the  plummer-block,  which  are  in  com- 


CHAPTER  VI. 


Mr.  J.  Richmond,  London,  exhibited  an 
engin*-cau?iter,  in  which  the  numlier  of  stroke* 
made  by  the  engine  ran  lie  read  off  at  one  view 
without  calculation.  The  leading,  or  unit  haii'L 
traverses  the  entire  circumference  of  the  large 
dial,  and  the  hands  of  the  three  small  diak 
Nos.  2,  3,  and  4,  all  revolve  in  the  same  direc- 
tion. The  first  motion  Ls  given  by  a  sliding  lair 
and  fixed  spring,  instead  of  a  double  jmllct,  •** 
that  it  Ls  impossible  that  the  first  wheel  can  l< 

thrown  more  than  oik 
tooth  by  one  stroke  of 
the  engine.  No  skip 
wheels  are  employed, 
and  the  liands  are  all 
moved  by  a  train  at 
wheels  and  pinions,  so 
that  the  motion  is 
.regular  and  progre* 
•^sive.  The  arrange- 
ment is  very  simple. 
— No.  1 ,  or  the  large 
circle  dial,  contains  100  divisions,  and  the 
large  hand  traverses  one  division  at  eack 
beat  or  stroke.  No.  2  dial  also  contains  10J 
divisions,  each  one  of  which  is  equivalent  to  one 
entire  revolution  of  No.  1  hand,  thus 
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ing  10,000.  No.  3  dial  is  divided  in  the  same 
manner,  enregistering  100,000 ;  and  No.  4  dial, 
also  divided  into  100  parts,  enregisters  1,000,000. 
Thus  any  amount  can  be  read  off  without  any 
jM-wsibility  of  error.  The  only  action  requisite 
to  work  the  counter,  is  a  reciprocating  motion 
of  about  half  ah  inch. 

Mr.  J.  Adcock,  London,  exhibited  a  distance- 
iiulicator  for  wheel-carriages.  A  pin  in  the  nave 
of  one  of  the  wheels  touches  a  pall  fixed  to  the 
axle,  which,  by  moving  a  piston  in  a  cylinder, 
compresses  the  air  in  an  india-rubber  tube,  by 
which  an  elastic  bag  is  distended  in  connection 
with  a  spring-lever  which  works  a  train  of  wheels 
for  registering  the  number  of  revolutions. 

Messrs.  Woodcock  «fe  Lee,  London,  exhibited 
a  machine  for  measuring  cloth,  in  which  the  cloth 
is  passed  between  a  cylinder  and  a  roller  under 
sufficient  pressure.  The  counter  is 
with  the  axle  of  the  cylinder. 


CHAPTER  VII. 


DIVINO  APPARATUS. 


Diving  apparatus,  though  placed  in  Class  10, 
as  a  civil  engineering  contrivance,  deserves  a 
■hart  notice  in  connection  with  the  machinery 
exhibited. 

With  regard  to  finish,  one  of  the  diving 
apparatus  exhibited  by  Messrs.  Heinke,  Lon- 
don, was  overdone.  Iron  work  intended  for 
exposure  to  a  saline  atmosphere  ought  to  have 
all  the  exposed  parts  protected  ;  but  in  this  one 
the  iron  work  was  highly  burnished  :  even  the 
rod  by  which  the  diver  feels  his  way  among  mud 
nnd  stones  was  highly  polished. 

Mr.  S.  Barnett,  London,  exhibited  his  appa- 
ratus as  usually  constructed. 

There  were  considerable  differences  in  the  con- 
struction of  the  punqis  anil  helmets.  The  at- 
mospheric supply-pump  of  the  French  makers 
wanted  the  solidity  of  the  English-niade  pumps  ; 
and  the  two  lmrrels  with  their  toothed  gearing 
being  placed  outside,  is  objectionable,  as  it  is 
very  likely  to  entangle  the  dress  of  the  man 
turning  the  wheeL  The  helmet  appeared  similar 
to  the  others,  but  the  weights  were  too  light. 
Mr.  A.  Siebe  did  not  profess  to  have  made 
any  alterations  since  1851  ;  but  his  apparatus 
was  good  and  substantial.  Messrs.  Heinke 
exhibited  a  set  of  pumps  without  a  water-cistern, 
which  is  necessary  to  keep  the  barrels  cool  while 
working.  This  was  a  great  omission  for  the  sake 
of  a  small  economy  in  construction.  Mr.  Barnett 
and  Mr.  Sicbc's  pumps  were  both  fitted  with 
copper  cooling- cisterns  (fig.  419).  Mr.  Barnett 
claims  the  introduction  of  tho  dial-indicator, 
which  is  placed  on  the  top,  and  consequently  in 
view  of  the  men  working  the  pumps,  with  the 
cover  cither  open  or  shut ;  but  in  Mr.  Siebe's  and 


Messrs.  Heinke's  apparatus,  the  dial  was  fixed  at 
the  bottom,  and  could  only  be  swn  by  the  man  at 
the  pump  by  his  leaving  the  handle  and  stooj>- 
ing, — thus  rendering  it  useless.  Mr.  Baniett's 
air-pumps  were  fitted  with  condensing  boxes  or 
chambers,  which  serve  the  important  purpose  of 
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Divnra  AmsiTrt,  by  Mr.  A.  Siebe,  I 


equalising  the  pressure  of  the  air,  and  continuing 
the  supply  for  some  time  after  tho  pumps  have 
ceased  working 

Tho  helmet  is  even  of  greater  importance  than 
the  air-pump.  All  the  helmets  exhibited  showed 
the  jointed  neck-screw,  an  improvement  of  Mr. 
Siebe's,  which  gives  instant  relief  by  enabling 
tho  attendant  to  take  the  helmet  off  rapidly. 
In  Mr.  Baniett's  helmet  the  arrangement  of  the 
front  eye  prevents  its  ever  sticking;  it  is  fitted 
with  a  vulcanized  ring  and  joint,  the  advantage 
of  which  is  well  known  to  divers,  as  tho  leather 
joint  often  swells  under  water,  and  prevents  its 
lieing  unscrewed.  In  Mr.  Baniett's  and  Messrs. 
Heinke's  helmets,  the  method  of  enabling  the 
diver  to  raise  himself  without  assistance  from 
above,  was  by  stopping  the  air-valve  and  inflating 
the  dress.  For  this  puqiose  Messrs.  Heinke 
apply  an  adjusting  valve  in  front,  which  is  both 
objectionable  and  dangerous,  inasmuch  as  the 
discharged  air  bubbles  up  before  the  diver's  face, 
and  obstmcts  his  vision.  The  danger  consists 
in  its  being  an  adjusting  valve  under  the  control 
of  the  diver,  to  open  or  shut  as  he  pleases. 
Persons  unaccustomed  to  diving  are  generally 
affected  with  giddiness,  when  they  are  liable  to 
turn  the  valve  wrong.  In  such  an  event  the 
giddiness  is  increased,  and  may  end  fatally  ;  but 
with  tho  valve  shown  by  Mr.  Barnett,  while  it 
possesses  all  that  is  required  to  enable  the  diver 
to  raise  himself  without  the  aid  of  his  attendant, 
in  case  of  illness  it  immediately  rights  itself. 
Some  divers  assert,  and  with  some  reason,  that 
the  discharge-valve  ought  never  to  be  under  the 
control  of  the  diver.    A  person  once  raised  hint- 
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self  up  under  a  ship's  bottom  and  humped  hU 
helmet  against  it  With  a  littlo  practice,  how- 
ever, such  an  recurrence  may  always  be  avoided. 
With  the  means  of  raising  himself  a  few  feet, 


Fioi.  m 


Diriso  Hblmit  ft  D*im,  and  riew  ofiubmmrin«  operations  • 
by  Mr.  S.  Harnett,  London. 


the  diver  will  often  save  the  time  and  trouble  of 
having  the  boat  and  ladder  brought  direct  over 
the  spot  at  which  he  is  working  (tigs.  420,  421). 


Fio.  431. 


Divtxo  Hiluit  iso  DsEftH,  by  Mr.  A.  Sitht,  Loudon. 


M.  Cabirol,  Paris,  exhibited  a  submarine  lamp 
on  the  same  principle  as  one  invented  in  England 
for  nocturnal  fishing.  Tlie  lamp  is  seldom 
required,  as  in  daytime  it  is  not  wanted,  and 
by  night,  if  the  water  is  turbid,  it  is  useless. 


CHAPTER  VIII. 

WASHING.  AND  MANHUNT.  MACHINES. 

The  process  of  washing  linen  consist*  in  the 
intimate  agitation  together  of  an  alkaline  solu- 
tion with  the  fabric,  for  the  separation  and  pre- 
cipitation of  the  dirt  and  grease.  In  washing 
linen  by  machinery,  therefore,  there  must  be 
such  an  amount  of  movement  from  tlie  machine 
its  will  keep  up  a  constant  change  of  the  solution 
in  contact  with  the  linen,  allowing  each  parties 
of  the  solution  to  take  up  it*  equivalent  of  <lin, 
till  all  the  dirt  is  separated.  The  agitatun 
necessary  for  this  purpose  causes  the  clothes  in 
most  machines  to  be  continually  moving  or 
sliding  one  piece  over  another,  analogously  to 
hand-washing ;  and  that  machine  is  the  bat 
which  gives  the  largest  amount  of  change  in  the 
solution  with  the  least  labour,  liability  to  de- 
rangement, or  damage  to  the  article*  to  le 
washed.  It  will  bo  convenient  to  divide  tie 
machines  into  three  classes — viz.,  oscillating, 
pressing  and  rubbing,  and  rotary  or  dash-wheel 
machines. 

1.  Oscillating  Wadiing-Machinf 8. — Iu  thisclas 
then  were  three  exhibitors, — Sir.  T.  Bradford, 
Manchester;  Messrs. Hornsby A'  Sons,  Grantham; 
and  Mr.  E.  Weir,  London. 

Mr.  Bradford's  machine  consist*  of  a  box 
nearly  square,  which  is  rocked  upon  an  axis  it 
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each  end,  and  vibrates  to  the  extent  of  abmt 
two-thirds  of  a  revolution.  The  lx>x  is  fomrd 
inside  with  ribs  alxrat  H  inches  high,  placed 
diagonally,  and  intended  to  prevent  the  clothes 
from  slipping  at  once  from  one  side  of  the 
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machine  to  the  other.  Motion  is  given  directly 
by  hand  from  one  handle,  and  the  l>ox  is  violently 
reversed  by  means  of  stops  fixed  npon  it,  which, 
at  the  end  of  each  vibration,  strike  against  and 
are  reversed  by  the  frame,  so  causing  the  clothes 
and  water  to  be  jerked  to  the  other  sida  The 
squaro  form  of  this  l>ox,  and  the  small  distance 
of  the  sides  from  the  centre,  render  inconsider- 
able the  motion  in  the  clothes,  particularly  if 
there  are  many  of  them.  This  kind  of  motion 
does  not  appear  to  cause  the  clothes  to  inter- 
change their  jswitions  with  one  another;  the 
whole  weight  of  the  clothes  and  the  water  has 
to  be  lifted  at  each  stroke  by  the  operator  (fig. 
422). 

Messrs.  Homsby  &  Sons'  machine  consists  of 
a  wedge-shaiied  box,  hanging  on  gudgeons  at 
the  ends,  and  having  a  number  of  ril*s  at  the 
bottom.  The  box  is  balanced  by  a  weighted 
compensation-box  attached  to  the  bottom  of  it 
The  motion  is  communicated  by  two  handles  for 
alternate  action,  and  the  l>ox  is  oscillated  so  far 
a-s  to  bring  the  lid  into  a  perfectly  upright 
position.    Thus  the  clothes  are  treated  with  a 
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O  ...  ,i.  i  i.  i,  WiiiiuG  ilicui.i:,  by  Mct*r*.  lljru»ly  &  Sunt, 
Grantham. 

considerable  jerk  and  range  of  motion,  facilitated 
by  the  form  of  the  box.  The  box  is  a  closed 
vessel,  and  the  water  and  the  clothes  have  to  Is) 
lifted  at  each  reciprocation  (fig.  423). 

Mr.  Weir's  machine,  made  by  Mr.  Summer- 
Bcales,  is  similar  to  Mr.  Bradford's,  but  it  has  a 
box  of  more  than  double  the  length,  and  the 
motion  given  to  the  clothes  is  greater.  The 
inside  is  ribbed  on  the  sides  and  the  bottom, 
and  the  latter  is  formed  like  an  obtuse  W,  to 


catch  the  clothes  in  the  middle,  and  give  them 
a  turn.  It  is  a  closed  vessel,  and  the  weight  of 
the  water  and  clothes  requires  to  l>e  lifted  at  each 
oscillation. 

2.  Prestiny  or  Rubbing  3facJUne8. — The  exhi- 
bitors in  this  class  wero  Mr.  Bradford,  Messrs. 
Briggs  it  Starkey,  Leeds  ;  Mr.  Williamson, 
London  ;  and  Mr.  Muggridge,  London. 

Mr.  Bradford  exhibited  two  nuichines  of 
totally  different  actions ;  the  one  for  pressing, 
the  other  for  rubbing.  The  first  consists  of  a 
pyramidally-shaped  box,  hung  for  swinging.  Two 
spring  ribl>ed  boards,  nearly  fitting  the  box,  are 
suspended  within  it  by  framework  ;  the  ends  of 
the  Ik>x  also  are  ribbed.  The  clothes  are  placed 
on  either  side  of  the  framework,  and  the  1k>x  is 
oscillated,  pendidum  fashion,  to  and  fro,  pressing 
the  linen  against  the  yielding  press-board,  which 
is  so  shaped  as  to  cause  the  clothes  to  partially 
turn  at  each  oscillation.  This  machine  is  an 
avowed  modification  of  Mr.  Williamson's. 

Mr.  Williamson's  machine  coasists  of  a  sta- 
tionary square  box,  with  a  pressor  swinging  from 
two  standards.  The  press-boards,  which  are 
portions  of  the  pressor,  are  shaped  so  as  to  cause 
tin- clothes  to  partially  turn  at  each  stroke.  The 
sides  of  the  box  are  on  springs,  which  yield  to 
the  presser,  and  recoil  when  it  is  withdrawn, 
tin-owing  off  the  clothes  at  the  same  time.  The 
motion  is  given  either  by  a  simple  lever  or  by 
crank  motion. 

It  is  fair  to  remark  of  the  last  two  ma- 
chines— Mr.  Bradford's  and  Mr.  Williamson's — 
that  they  are  l>oth  derived  from  a  very  old  and 
well-approved  machine,  called  the  dolly  machine, 
made  by  Messrs.  Briggs  <fc  Starkey,  Messrs. 
W.  I.  Pearson  <Js  Co.  (Leeds),  and  Messrs.  Sum- 
merscales  <fc  Son  (Keighley),  and  many  other 
makers.  This  machine  is  said  to  have  been  in 
use  in  Yorkshire,  its  birthplace,  for  upwards  of 
seventy  years.  Its  action  consists  in  pressing 
the  clothes  against  the  sides  of  the  box,  when 
the  angles  of  the  sides  arc  inclined  inwards. 
Thus  the  clothes,  when  the  presser  or  dolly  is 
removed,  are  caused  to  fall,  so  as  to  be  taken 
the  reverse  way  at  the  next  stroke  of  the  presser. 
In  Mr.  Williamson's  machine,  there  is  substi- 
tnted  for  this  form  of  box  a  spring-board  with  a 
~^q\iadrant-shapcd  dolly,  the  only  advantage  of 
«  hich  appears  to  be  that  in  driving  by  a  crank 
there  is  something  to  yield  in  the  event  of  an 
excess  of  clothes.  In  Mr.  Bradford's  machine, 
on  the  contrary,  the  dolly-frame  is  stationary, 
whilst  the  clothes  and  the  water,  as  well  as  the 
1k>x,  are  moved ;  and  though  the  action  of  Mr. 
Bradford's  machine  is  probably  the  more  efficient, 
yet  there  is  a  considerable  amount  of  labour 
required  in  pushing  and  pulling  a  heavy  box 
and  its  contents  backwards  and  forwards.  The 
chief  objection  to  this  class  of  machines  is,  that 
they  are  necessarily  open  at  the  top,  either 
wholly  or  partially,  thus  losing  tho  advantage 
of  washing  in  water  kept  as  hot  as  it  can  be  ; 
and  there  is  also  the  escape  of  steam  and  effluvia. 
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They,  like  their  ancestor  the  dolly,  are  -well 
adapted  for  washing  coarse  fabrics,  and  they  are 
cheap  machines ;  but  all  washing-machines  having 
any  working  j»arts  moving  in  contact  with  the 
clothes  are  likely  to  tear  tine  things,  as  muslins, 
fine  under-clothing,  dec,  jamming  them  between 
the  dolly  and  the  bottom  or  sides  of  the  box. 

Mr.  Bradford  exhibited  a  machine  with  a 
rubbiug  action.  It  consists  of  a  wooden  roller 
ribbed  longitudinally,  for  about  a  quarter  of  its 
circumference,  on  two  op|>osite  sides,  the  inter- 
mediate portions  being  left  plain.  This  roller 
acts  on  a  series  of  rollers  hung  in  a  flat  frame, 
which  are  yielding  and  are  immersed  in  a 
trough.  The  clothes  arc  fed  between  the  frame 
of  small  rollers  and  the  upper  or  partially  ribbed 
roller,  and  they  are  held  by  the  hand,  while  the 
ribbed  roller  rubs  and  presses  the  clothes  against 
the  small  rollers  beneath.  The  soap  Is  fed  from 
the  top,  and  the  vessel  is  open.  This  machine 
is  adapted  to  wash  articles  requiring  a  consider- 
able friction  on  their  outer  surface,  as  new  shirts 
or  collars  ;  but  it  does  not  ap|>ear  to  be  so  well 
adapted  for  a  general  wash  of  large  things,  or 
of  fiannels.  On  the  latter  it  would  exert  a  felting 
action. 

Messrs.  Briggs  «fe  Starkey,  Leeds,  exhibited  a 
machine,  consisting  of  a  trough  having  a  circular 
bottom,  ribbed  longitudinally.  A  drum,  consist- 

Fjo.  CM. 
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ing  of  two  circular  discs,  with  two  bars,  round 
which  the  clothes  arc  loosely  placed,  is  hung 
within  the  trough,  and  Is  turned  each  way 
alternately,  making  a  few  revolutions  at  a  time, 
being  nvenad  by  hand.  The  clothes  are  rubbed 


against  the  ribs  of  the  lx>x,  there  Wing  a  yielding 
pressure  by  means  of  springs.  The  motion  Lj 
slow,  and  the  placing  in  and  taking  out  of  the 
clothes  takes  time  ;  the  machine  holds  but  frw 
clothes,  and  the  motion  is  not  adapted  for  turn- 
ing out  a  large  quantity  of  work  (fig.  424). 

Mr.  Miiggridge  exhibited  a  machine  like  a 
fidling-mill,  in  which  the  presser,  hung  firm 
above,  is  worked  backwards  and  forward*  agakst 
the  clothes  in  a  corner  at  the  bottom.  The 
clothes  receive  a  great  deal  of  squeezing  or 
punching ;  but  they  are  not  separated  and  tuixed 
over,  which  Is  nevertheless  necessary  for  tho- 
roughly cleaning  dirty  linen.  The  machine  is 
oj»en  at  the  top,  and  shallow,  and  the  water  dws 
not  long  retain  its  heat  The  upper  part  of  the 
dolly,  or  presser,  is  formed  like  a  ridged  taU<\ 
on  which  the  dirty  parts  of  the  linen  are  soaj*d 
before  Wing  consigned  to  the  machine. 

3.  Rotary  or  JJfudt-w/ieel  Machine*. — Machine 
of  this  class  were  exhibited  by  Mr.  W.  Hir- 
greaves  (Manchester),  Mr.  R.  Lansdale  (Man- 
chester), Messrs.  W.  Pearson  <fc  Co.,  and  Messrs. 
Summerscales  &  Son.  The  l>est  judges  nf 
washing-  machines — the  bleach-workers, — h»>  e 
always  preferred  and  used  the  dash-wheeL  In 
their  large  wheels  the  materials  to  be  washed 
are  lifted  by  the  internal  ribs  on  the  rim  to  a 
height  of  more  than  half  the  diameter,  from 
whence  they  fall  into  a  body  of  alkaline  solutin 
with  some  force.  In  the  domestic  machine,  tie 
attempts  that  have  been  made  have  all  btrii 
directed  to  getting  an  action  analogous  to  this  by 
means  of  very  small  cylinders ;  but  the  difficulty 
has  been  to  adapt  the  principle,  in  size  and 
price,  to  the  requirements  of  private  life.  This 
has  been  tried  by  Mr.  Hargreaves,  in  his  water- 
fall machine,  which  not  only  raises  the  linm 
above  the  centre,  but  the  water  also.  Tie 
motion  is  necessarily  slow,  liecause  with  a  fct 
motion  the  clothes  and  water  would  lie  carried 
centrifugally,  completely  round,  without  altering 
their  positions.  The  lid  by  which  the  clotbra 
and  water  are  introduced  revolves  with  the 
wheel,  and  should  l>e  made  watertight 

Mr.  Lansdale's  machine  contains  a  barrel,  as  in 
Mr.  Hargreave's  machine,  to  wliich  a  compound 
motion  is  communicated.  It  is  suspended  by 
pivots  axially  in  a  frame,  which  itself  is  hung 
ujion  transverse  pivots.  The  first  or  dash  moti«» 
takes  place  on  the  transverse  axis,  on  which  the 
barrel  is  turned  over  and  over  by  means  of  a 
handle  and  gearing ;  by  the  second  motion,  with 
differential  gearing,  the  laurel  or  tub  is  turned 
on  its  axis  for  the  purpose  of  changing  the  side 
of  the  tub  in  contact  with  the  linen.  The  inside 
is  fitted  witli  knobs  which  help  to  hold  the 
clothes  in  position,  and,  prolwbly,  cause  them  to 
be  carried  further  round  before  Wing  disengaj^d 
and  thrown  down.  The  second  motion  in  tb^s 
machine  Is  proWbly  not  worth  very  much.  Tie 
first  motion  Is  necessarily  slow,  for  the  same 
reasons  as  in  Mr.  Hargreave's  machine  ;  the  l>i 
is  required  to  W  watertight,  and  the  water  sal 
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clothes  arc  required  to  be  lifted  by  the  driving- 
power. 

Messrs.  Pearson  »fc  Co's  machine  possesses 
still  more  of  the  character  of  the  true  dash- 
wheel,  but  from  ite  very  slow  rotating  speed, 
only  half  that  of  the  handle,  and  its  very 
small  diameter,  it  is  open  to  the  objection  of 
want  of  rapid  performance.  It  consists  simply 
of  a  sparred  cylinder  revolving  in  a  trough. 
The  clothes  are  placed  in  the  cylinder,  and  the 
machine  only  raises  the  clothes  and  the  water 
they  contain,  and  does  not  impose  on  the  operator 
the  task  of  raising  the  whole  of  the  loose  water 
in  addition. 

Messrs  Sunnncrscalcs  it  Son's  dash-wheel  ma- 
chine has  a  sparred  cylinder  reciprocating  on  its 
axis  within  a  trough,  differing  from  all  the  others 
in  having  a  rocking  motion  for  the  dash-wheel, 
which,  in  the  first  place,  admits  of  the  wheeP 
being  driven  at  a  much  higher  velocity  without 


Wiikhi.  \\  amiinq.M  it  in n r,  by  Mcnsr*.  Summeracaleii  Jt  So 
A,  drum  inaide  of  tuli;  B,  tub ;  I),  mrcanioro  roller*,  atroncl 
iron.  and  capped  with  braw  hnopg;  K,  drip. hoard ;  F, 


causing  the  clothe*  to  adhere  by  centrifugal  force 
to  the  inside  of  the  barrel  unchanged  in  petition. 
The  barrel  only  makes  one  complete  revolution 
before  being  reversed,  when  the  linen  is  by  the 
change  of  motion  thrown  down  and  driven  again 
through  the  water.  The  openings,  of  which  there 
are  two  for  the  whole  length,  on  opposite  sides 


of  the  circumference  of  the  barrel,  are  fitted  with 
framed  spars,  on  one  side  of  which  three  brushes 
are  fixed,  which  am  be  turned  inwards  to  work 
upon  coarse  and  dirty  articles,  or  outwards  where 
the  articles  would  be  liable  to  injury  from  their 
use.  This  machine  ap|H.*ars  the  most  nearly  to 
fulfil  the  duties  of  a  large  dash-wheel,  in  giving, 
by  its  quick  reversing  action,  a  jerk  or  dash  to 
the  clothes  equivalent  to  the  greater  height  from 
which  they  would  fall  in  a  large  cylinder — an 
equivalent  which  is  not  otherwise  got  in  a  small 
cylinder.  The  brushes  also  assist  in  carry- 
ing round  and  in  cleaning  the  clothes.  This 
machine  does  not  lift  the  whole  of  the  water, 
and  it  has  a  closed  trough,  preventing  loss  of 
heat  and  escape  of  effluvia  (tig.  425). 

The  wringing  process  is  the  same  in  all  wash- 
ing-machines,— passing  the  wet  clothes  between 
a  pair  of  wooden  rollers,  of  which  the  up]>er  one 
is  covered,  when  necessary,  with  flan- 
nel, to  protect  shirt-buttons.  The 
differences  consist  only  in  the  modes 
in  which  the  pressure  is  obtained. 
Mr.  Bradford,  Mr.  Lansdale,  and  Mr. 
Williamson  apply  weights  and  levers 
for  the  purpose  ;  Mr.  Pearson  has 
spiral  springs ;  Messrs.  Briggs  &  Star- 
key,  Mr.  Hargreavcs,  Mr.  Summer- 
scales,  and  Mr.  Weir  use  elliptical 
springs ;  and  Messrs.  Hornsby  have 
wooden  springs.  Of  the  two  systems 
of  obtaining  pressure  for  small  rollers 
similar  to  those  in  use  in  these  ma- 
chines, levers  and  weights  have  the 
objection  of  giving  only  the  same  pres- 
sure on  a  heavy  quilt  that  they  would 
on  a  cambric  handkerchief ;  and  when, 
as  is  usually  the  case,  the  levers  arc 
horizontal  when  the  rollers  are  close 
together,  the  passing  of  a  thick  article 
between  them  causes  the  weight  to 
rise  in  a  small  arc  of  a  circle,  and 
reduces  the  leverage,  and  consequently 
the  pressure.  The  weights,  too,  are 
liable,  after  anything  very  thick  has 
l>een  passed  through  and  withdrawn 
from  the  rollers,  to  come  down  with 
a  jerk  upon  the  floor.  Being  placed 
on  the  outside  of  the  machine,  they 
add  to  the  room  taken  up,  as  well  as 
to  the  cost  of  transit  Within  limits 
so  narrow  as  to  be  valueless,  they  are 
also  incaj>able  of  adjustment  Mr. 
Pearson's  spiral  springs  are  of  a  form 
liable  to  breakage  from  jerks.  Messrs. 
Hornsby's  wood  spring  has  but  little 
plaiy,  and  Is  liable  to  derangemont  from  a  too 
damp  or  a  too  dry  atmosphere. 

The  other  machines  are  all  fitted  with  the 
elliptical  spring,  by  suitably  adjusting  which  a 
thin  article  may  be  subjected  only  to  the  weight 
of  the  top  roller,  while,  as  the  thickness  of  the 
articles  increases,  so  also  does  the  pressure. 
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There  is  a  regulating  screw  for  adapting  the 
spring  to  very  thick  articles,  hut  it  in  rarely  used 
in  practice,  the  spring  having  been  found  to 
adapt  itself  by  its  natural  play  to  articles  of 
various  thickness. 

Messrs.  Briggs  <fc  Starkey's  machine  is  fitted  with 
an  endless  cloth  for  mangling,  of  which  the  ends 
revolve  uj)on  two  small  rollers  fixed  in  a  frame, 
hinged  and  rcnioveablc  out  of  the  way  while 
wringing.  At  each  end  of  the  machine  one 
thickness  of  the  cloth  ] Misses  through  the  rollers, 
earn  ing  the  clothes,  to  be  mangled.  Mr.  Sum- 
merscales  has  a  single  cloth  strained  on  an  iron 
frame,  which  is  only  put  on  to  the  machine 
for  mangling.  The  cloth  carrying  the  clothes 
passes  through  the  rollers.  The  advantage  of 
these  two  mangles  is,  that  many  small  articles, 
US  napkins,  ran  be  passed  through  the  rollers  at 
once,  instead  of  singly,  as  in  the  others. 


gas-mains  when  laying  service-pipes,  as  the  kole 
is  both  drilled  and  tapped  without  allowing  an 
escape  of  gas  (fig.  427). 

Pio.  427. 


CrwjiD'a  D»illiso  Arr.i*ATi x,  l>y  licfsrs  iJ.-jaa  IMU 
&  Co.,  London. 

Fin. 


CHAPTER  IX. 


BUVDRY  APPARATUS. 


Mr.  T.  S.  Truss,  London,  exhibited  an  elaxtic 
pi joint  for  gas  and  water  mains,  to  provide 
for  the  expansion  and  contraction  of  the  metal, 
deflection,  and  easy  removal  and  insertion  of 
pipes  without  cutting  them.  The  pi|>cs  arc  cast 
with  a  small  head  on  each  end,  upon  which  a 
ring  of  elastic  packing  is  placed  when  the  pii>es 
are  brought  near  together.  An  iron  clasp,  in 
three  segments,  and  formed  with  two  interior 
grooves  to  embrace  the  heads  on  the  pipes,  is 
plaee.l  around  the  jNicking,  and  screwed  up  tight 

Fici.  «:o. 


Ilit.T  siumt,  l'j  Mr.  John  C.  Gore,  U.S. 
Fig.  429. 


BAUBl  Buiioi-Woii,  l'j  Mrsm.  T.  Dnon  £  Co.,  Muciwr 
FlO.  4.10. 


Blaitic  Joist*  fl>r  (In  and  W»lrr  Piprt,  by 
Mr.  T.  8.  Trus*,  London. 


upon  it,  to  make  the  joint.  According  to  the 
width  of  the  band  and  the  liberty  in  the  gixx  >\  en, 
the  joint  is  more  or  less  flexible,  resembling  in 
its  action  a  ball-and-socket  joint.  The  [tacking 
used  for  gas  and  cold-water  pipes  consists  of 
prepared  woollen  felt;  for  hot-water  pipes  it 
consists  of  india-rubber.  The  joints  have  1m  .  n 
made  upon  pipes  of  from  '2  inches  to  I  feet  in  ilifl 
meter,  and  are  said  to  have  been  satisfiictorilv 
tested  to  a  pressure  of  1,000  feet  head  of  water 
(tigs.  426). 

Messrs.  Bryan  Donkin  &  Co.,  London,  exhi- 
bited UpvxircVa  drilling  apparatus,  which  fur- 
nishes the  means  of  safely  drilling   holes  in 


M  ig  R  f  t-M  it  in  n  k,  for  MiparatinE  iron  Ntip  »nd 
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Mr.  J ohn  C.  Gore,  Massachusetts  exhibited  a 
belt-shi/ler,  designed  for  preventing  the  accidental 
shifting  of  belts,  in  ordinary  circumstances.  The 
guide  is  worked  by  a  cord  and  lever,  and  locked 
automatically  in  its  proper  position  by  a  detent, 
controlled  by  springs.  The  mechanism  is  so 
arranged  that  when  the  belt  is  to  be  shifted,  the 
detent  is  lifted  out  of  contact,  the  slide  is  moved, 
and  the  detent  replaced  (fig.  428). 

Messrs.  T.  Duim  «fc  Co.,  Manchester,  exhibited 
a  piece  of  battled  bridge-tcork,  which  may  be  of 
wrought-iron  lattice  or  steel  lattice  (fig.  429). 

Messrs.  Routledge  <fc  Ommanney,  Manchester, 
exhibited  a  vutgrnt  7nacliine,  for  separating  iron 
borings  and  filings  from  brass  borings  by  means 
of  a  number  of  horse-shoe  magnets  on  an  endless 
revolving  frame,  consisting  of  two  chains  carrying 
cross  battens  to  carry  tho  magnets.  The  mag- 
nets are  passed  through  the  tarings  in  different 
tracks,  so  that  every  particle  of  iron  may  finally 
be  separated  from  the  brass.    As  the  magnets 


pass  over  the  upj>er  roller  on  which  the  chain 
revolves,  the  particles  of  iron  adhering  to  them 
are  brushed  off  into  a  box  by  a  revolving  brush. 
The  larger  size  of  machine  is  capable  of  clearing 
81  cwt.  of  borings  in  ten  hours  (fig.  430). 

Amongst  the  magneto-electric  machines,  one 
was  exhibited  by  Mr.  E.  C.  Shepard,  a  notice  of 
which  probably  would  have  found  a  more  fitting 
place  beside  that  of  Professor  Holmea's  magneto- 
electric  light  machine.  Mr.  Shepard's  machine 
was  originally  intended  for  the  production  of 
illuminating  gas  by  the  din  imposition  of  water. 
The  arrangement  of  magnets  and  coils  is  very 
similar  to  that  used  by  Mr.  Holmes  in  his  ma- 
chine ;  and  it  is  said  that  Mr.  Holmes's  inven- 
tion of  the  electric  light  was  the  result  of  an 
endeavour  to  discover  a  profitable  use  for  Mr. 
Shepard's  machine,  when  it  was  found  that  it 
could  not  be  worked  at  a  profit  as  a  gas- 
generator. 
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PLATE  XXXIX. 


REFERENCES  TO  THE  ENGLISII  DEPARTMENT. 


L  Mandslay,  Bonn,  ft  Field. 

2,  John  Pcnn  A  Son*. 

2L  Humphrys  &  Trnnant. 

L  J.  E.  Albion. 

fi»  Laird  Brothers. 

A,  Tod  A  McGregor. 

Z,  Merryweather  A  Son. 

n.  Sundry  Models. 

0.  London  A  North- Western 

Railway  Company. 
1H.  Richardson  A  buns. 
LL  J.  tO.  Rennie. 
12-  John  Key. 
LL  K.  Kitchin. 
LL  RavcnhiU,  Salkeld,  &  Co. 
15.  R.  Morrison  &  Co. 
UL  K.  K.  Allen. 
12.  Joseph  Whitworth  A  Co. 
1m.  Sharp,  Stewart,  A  Co. 
IB.  Wm.  Muir  A  Co. 
2iL  John  Helherington  &.S011S. 
ZL  O.  A  A.  Harvey. 
J2.  A.  Shanks  A  Co. 
EL  Peter  Fairbairn  A  Co. 
2L  Maclea  A  March. 
2L  James  Nasmyth  ft  Co. 
21L  J.  IL  llulse. 
tL  HoltsapflVl  A  Co. 
JH,  Shepherd,  Hill,  A  Co. 
2JL  Beyer,  Peacock,  A  Co. 
31).  Smith,  Iteaeock,  A  Tsnnet. 
ILL  Greenwood  A  Batley. 
it  2,  T.  Robinson  A  Son. 
3^  W.  Conisl»ee. 
3  L  Waterloo  A  Sou*. 
Ai.  J.  Rosa 
M.  Weston  A  Horner. 
■L  J.  A  T.  Yonr.c. 
SL  Porrest  A  Barr. 
au.  K.  Conroy,  U.  tt. 
40.  W.  Gcavr*. 
IL  R.  IL  Thompson. 
i&  Cox  A  Son. 
43.  Powis,  James,  A  Co. 
AL  Worssam  A  Co. 
«,  J.  Mo  Do  wall  A  Rons. 
UL  J.  Perrabee  A  Co. 
47.  —  Cluties. 
4n.  Johnson  A  Atkinson. 
LL  W.  IL  Milchel. 
po,  Petter  AGalpin. 
61.  Bryan  Donkin  A  Co. 
fii,  George  llertram. 
U.J.HK.  M.  Wood. 
fiL  1.  Smith  &  Son. 
■1L  T.  J.  Marshsll. 
6JL  J.  Sinclair. 
67.  Sharp,  Stuart,  A  Co. 

C.  W.  Harrison. 
6JL  T.  M.  Tennant  A  Co. 
6Q.  Ransomes  ft  Sims. 
fiL  J.  AW.  Stuart. 
tiL  Emery  Brothers  (U.S.) 
EL  Walker  A  Hacking. 
ILL  Wren  A  Hopkinson. 
tJi.  J-  Hetherington  A  Sons, 
m.  Piatt  lirolhrra  y  Co. 
liL  pohson  A  Barlow. 
111.  John  Mason. 
151L  W.  Higgin*  A  Sons. 
TO.  Roulledge  A  Ommaney. 
71.  Sandys,  Vivian,  A  Co. 
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Martin  Bamuelson,  A  Co. 
Mirrlees  A  Tait. 
Pawcett,  Preston,  A  Co. 
Q.  Forrester  A  Co. 
J.  C.  Wilson  A  Co. 
W.  X  A.  McOnie. 
Henry  Clayton  A  Co. 
W.  Wilson. 
Doulton  A  Co. 
J.  1).  Brunton. 
II.  Fowler  A  Co. 
I'eter  EftcrU. 
R.  Wood  A  Sons. 
Kaston,  Amos,  A  Sons. 
W.  D.  Andrews  (U.S.). 
R.  Legg. 

Whitmore  A  Sons. 

D.  Napier  &  Hon. 
Marilove,  Alliott,  A  Co. 
Ransomes  A  Sims. 
Perreaux  A  Co. 

Sir  W.  O.  Armstrong  A  Co. 
North    British  Rubber 

Company. 
Sj  Leoni. 
J.  Beck. 

T.  Leadbett«r  A  Co. 
Olen  A  Rosa. 
Past  wood  A  Sons. 
Peel,  Williams,  A  Peel. 
Hay  ward  Tyler  A  Co. 
J.  Tylor  A  Sons. 
Warner  A  Sons. 
T.  Lambert  A  Son*. 
Routledg*  A  Ommaney. 
R.  A.  Godwin. 
Lee  Norton. 

Tangye  Brothers  A  Price. 
LunJry  A  Wataon. 
I'atent  Frictional  Gear  Co. 
Thompson  A  Slather. 
C.  W.  Siemens. 
A.  Smith. 

Bryan  Donkin  A  Co. 
John  Chedgey. 
J.  Rhodes. 
Walter  May  A  Co. 
Richard  Roberts  A  Co. 
Carrett,  Marshall,  A  Co. 
North  Moor  Foundry  Co. 
Harvey  A  Co. 
Knowelden  A  Co. 
T.  Middletou. 
J.  U.  Baatier. 
Barrett,  RxaB,  A  An- 

drewes. 
Williamson  Brothers. 
Lillrshall  Company. 
Bunnett  A  Co. 
G.  Lloyd. 

F.  O.  Ward. 
Gwvnne  ft  Co. 

E.  t.  Bellhouse-  A  Co. 

G.  Simpson. 

A.  Handy  side  A  Co. 
.  B.  Fleet. 
Normandy  A  Co. 
1).  Biebe. 
fi,  Barnrtt. 

Beyer,  Peacock,  A  Co. 
London  A  North-Western 
Railway  Company. 


140,  Sir  W.  0.  Armstrong  A  Co. 

LLL  Neilson  A  Co. 

LLL  Shsrp,  Stewart,  A  Co. 

Ii3,  George  England  A  Co. 

LkL  Robert  Sinclair. 

LLL  Wm  Fairbairn  A  Sons. 

LkL  Chaplin  A  Co. 

1 17.  Manning,  Wardle,  A  Co. 

Litt.  Neath  Abbey  Company. 

lift.  K.  C.  Shepherd. 

LLL  N.  Grew. 

1M.  Thomas  Dnnn  A  Co. 

LLL  G.  K.  Dering. 

LuL  W.  B.  Adams. 

1AA  J.  Hoy. 

155.  Captain  P.  P.  Stafford. 

15H.  Ordish  A  Le  Feuvre. 

UL  J.  Newall. 

L>.  W.  Uattersley. 

169,  W.  LL  Kingston. 

BE  —  Leigh. 

LLL  J.  Davidson. 

LLL  W.  Bsines  A  Co. 

H£L  fi.  S.  Bateson. 

LLL  A.  Vickers. 

LLL  5L  Moulton  A  Co. 

lflrt.  T.  Wright  A  Co. 

Ift7.  R.  Morris. 

HW.  Baylisa,  Simpson,  A  Jones. 

ltl'i.  Isca  Foundry  Company. 

ILL  P.  M.  1'nn.ona. 

1ZL  G.  A.  Biddetl. 

122.  W.  Simons  A  Co. 

LLL  Weston  A  Grice. 

17 1.  P.  Wise. 

175.  Governor  and  Company  of 
Copper-mines  in  England. 
17fl.  Robert  Richardson. 
177.  Thomas  Edington  A  Sons. 
17^.  Andrrston  Foundry  Cum- 


17P.  V 

M.  IL  L.  Corlett, 
iki   Permanent  Way  Company. 
in.'.  Henry  Pooley  A  Son. 
1*3.  Steven*  A  Son. 
LlL  Clayton,  Shulllewortb,  A 
Co. 

1H.V  T.  W.  Cowan. 

ISA.  M.  Hubert  (France). 

1*7.  F.  IL  Holmes. 

LlL  LL  C  Hurrv. 

Uffi,  BTB.  NeiU. 

LiL  Turkish  Engine. 

lul.  Belliss  A  Seeking*. 

LlL  Hum  i  Roskell. 

LLL  M.  Lyons. 

HU.  Ma4<ame  Sinibaldi. 

LLL  A.  Morrell. 

liw.  D.  A  W.  Gibbs. 

197.  Greek  Steam  Navigation 

Companv. 
108.  Stothert  A  Pitt 
LLL  M.  Fenlnra. 
2n0.  Porter,  Uinde,  A  Porter. 
1LLL  tt.  He  Bergue. 
2U2.  Charle.  Ue  Ilergue  A  Co. 
LlL  Thwaitea  A  Carbutt. 
2i >t.  Roliert  Morrison  A  Co. 
Ifltt  D.  Cook  A  Co. 
20H.  A.  C.  Wylie. 
807.  Kirkstall  Forge  Company. 


pany. 
iV.  Scston. 
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Hudswell  A  Clarke. 
John  Imrsv. 
T.  W.  Cowan. 
J.  Hands. 

Joshua  Dachton  A  Co. 

Fox  Brothers. 

LL  Garside. 

Craw  ball  A  CaarpbtB. 

Evan  Leigh  A  Son. 

Smith  A  Coventry. 

Patent  File  Machine  mi 

File  Maaofsctuhat  Coa- 

pany 
J.  Davis. 
W.  Gadd  A  Son. 
J.  Glasgow. 
J.  A  J.  Kershaw. 
Peto.  Brasser,  A  Brill 
J.  Mills. 
W.  Rvder. 
W.  Pesrson  A  Co. 
J.  Hunt  A  Co. 
Hughes  A  Kimbrr. 
J.  GberUng.  I 
J.  Lamb. 
J.  Rhodes. 
R.  Bealrv  A  Co. 
E.  E.  Colley. 

A.  Seegie. 

D.  A  J.  Greig. 
Locket,  Sons,  A  Lcalf . 
D.  Napier  A  N>n*. 

B.  A  W.  Cllmer. 
AnuaMe  A  Bench. 
0.  T.  Youngman. 
LL  «■>•>•  I  all. 
John  Imrar. 

W.  8.  Yates. 
A.  Smith  i  U.S.). 
Wsrd  A  Gsskell. 
G.  IL  Oerish. 
J.  Diion  ASi<nt. 
G.  Tidrombe  A^ons. 
A.  Siebe. 
George  Hodgson. 
J.  Dugdale  A  Sons. 
W.  Smilh  A  Brothers. 
W.  Dickinson  A  Soa»- 
Tuer  A  Hall. 

C.  T.  Porter  (C.S.). 
J.  Harrison  A  Sons. 
Anders  ton  Foundry  Cot- 
pan  v. 

G.  Hattersley  A  Son. 

J.  Whitesmith. 

Jackson  A  Graham. 

Henderson  A  Co. 

Mselra  A.  March. 

J.  Haley  A  Sons. 

J.  Ferrabee  A  Co. 

John  Imrav. 

8_  Lswson  A  Son«. 

P.  Fairbairn  i  Co. 

John  Iniray. 

Tuer  A  Hall. 

J.  Rowan  A  Sons. 

J.  Kerr  A  Co. 

J.  Perry. 

J.  Coombe  A  Co. 

Barrett,  ExaU,  i  A> 

drewes. 
C.  Parker  A  Sons. 
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A. 

A  i.  ii  tin,  A.,  Electric  Brake  by,  35j  Electro- 
MsguetJc  Feed-water  Regulator  by, 

A  dams*  Tap*  and  Bearing*  bv  S.  Leoni,  -Ki7 . 

Adams,  W.  H.,  Spring-tyre  by,  SO,  31 ;  Abut- 
ment-spring* by,  32;  Bracket -joints  for 
Rails  by.  J£ 

A  Jsmii  A  Richardson's  Invention  of  the  Fish- 
joint,  35. 

Adeock,  X ,  Pittance- indicator  for  Wheel 
Carriages,  12i. 

Aerated  Fresh-water  Apparatus.  (St*  Dis- 
tilling  Apparatus.) 

Aerated  Water*,  Apparatua  for  the  Manu- 
facture of : — Introductory  Notice ;  Gene- 
rator, by  Ilermann-Lachapelle  A  Glover; 
Impregnating  Apparatus  byTylor  A  Sons, 
by  Hay  ward  Tyler  A  Co.,  by  Fleet,  SZd  ; 
by  Barnett,  by  Hermann-Lachapelle  A 
Glover,  by  Greasier  A  Co.,  279  ;  Bottling 
Apparattu,  Hand-and-knee  Bottling,  279; 
Fleet'*-  Apparatus,  281  ;  Tylor'a,  Tyler's, 
A  Barnettra;  Counter-fountains,  2S2: 
Motive-power  by  Hand  ;  Steam-power 
Machine*,  by  Fleet,  br  Barnett,  283. 

Agudio,  Traction-carnage  by,  23. 

Air-compressed  Hammer,  by  T7  W.  Cowan, 

Air-engines,  Jffl ;  Calorie  or  Hot-air  Engine, 
by  Ericsson  ;  Ericsson  Engine,  by  Meill ; 
Wilcox's  Hot-air  Engine,  by  Denniaou, 
407 1  Laubereau'*  Hot-air  Engine,  by 
Bchwartzkopf,  40H. 

Air-pumps :— Blast  Engines,  by  the  Lilleahall 
Company,  -TO :  Horizontal  Air-pumping 
Engine,  by  J.  F.  Cail  A  Co.,  UJJi  i  Fosaey's 
Horizontal  Blowing  Engine,  by  L.  Perard, 
317 )  Oas  exhausting  Engine,  by  Gargan  A 
Co. ;  Air-pump,  by  8ilbermann,  ALL. 

Alauxet,  Cylinder  Printing  Machine  by,  iLL 

Allan,  A.,  Straight-link  Motion  by.  13,  16  ; 
Atmospheric  Pressure-gauge  by,  .6;  Lami- 
nated Spring  by,  32;  Compound  Buffer 
by,  S3. 

Allen.    57  B.,   Double-expansive  Portable 

Engine  by,  331 ;  Double-eipansive  Marine 

Engines  by,  341>,  3.50. 
Allen,  Harrison,  A  Co.,  Fusible-alloy  Safety- 

valve  by,  ML 
Allen  Steam-engine,  by  C.  T.  Porter,  314, 
Anderaton     Foundry     Company,  Mrtallic 

Wedge  Keys  by,  37 :  Weaving  Machines, 

Pirn  or  Weft  Winding  Machine,  Cbeek 

Loom*  by,  107,  108. 
Angle-bar  Cutting- machine,  by  C.  De  Bercue 

A  Co.  ;  183. 
Amiable  A  Blench,  Single-cylinder  Printing 

Machine  by,  2J2. 
Annex,  Western,  Plan  of,  Reference*  to  the 

English  Department,  432. 
Apperley  A  Co.,  Teasing-machlne  for  Wool 

by,  73  ;  Diagonal  Feeder  by,  74. 
Applebyllrotber*,  Semi-portable- Engine  by, 

332  ;  Portable  Steam-crane  by,  41B. 
Appold  Pump.    (6**  Pump,  Appold.) 
Arnel'*  System  of  Forging  Wheel*,  '<_', 
Armstrong,   K.,    Armstrong  A  Bowman's 

Upright  Boiler  by,  324, 
Armstrong.  8ir  W.  G.,  A  Co. ;  Locomotive  by, 

It  I   Water-pressure    Engine*  by,  398} 

Hydraulic  Cranes  A  Capstan  by,  420. 
Ashbury,  J . ,  Covered  Goods-waggon  by,  H  ; 

Saloon  Carriage  by,  28. 
Ashby  A  Co.,  Portable  Engine  by,  320. 
Aahcroft,  Fj  Bail  way  Chairs  by,  35. 
Aahton,  J.  P.,  Steam-hoist  by,  417. 
Aveling  A  Porter,    Aveling'*  Agricultural 

Engine  by,  33 1. 
Axleboxe*,  Oil,  17. 


It. 

Bacot,  Woollen  Loom  by.  111. 
Bain,  M'Nieol,  A  Young,  Level-crossing  Gates 
'■<•. 

Baines,  W.,  A  Co.,  Switches  and  Crossings  by, 
38. ;  TurnUble  by,  tL 


Balfour,  J.  Centrifugal  Crushing-machine 
by,  UbV 

Balling-machine,  Grimstone's,  by  S.  Laarson 
A  Sons,  79. 

Band-saara,  ill  ;  Baml-*aw  by  8.  Woraaam 
A  Co.,  211,  213  l  Band-saw*  by  Powis, 
James,  A  Co.,  2JLZ  ;  Band-aaw  by  Green- 
wood A  Batley,  222 ;  Band-aaw  by  Perin. 
211,  225  :  Portable  Steam  Band-saw  by 
Tarrall,  Elwell,  A  Poulot.  228,  227 :  Band- 
saw  by  Zimmerman n,  228. 

Barlow  A  Woodhouse,  Fish-plate*  by,  33. 

Harnett,  S.,  Impregnating  Apparatus'  by,  279 ; 
Bottling  Apparatus  by,  2h2 ;  Diving  Ap- 
paratus  by,  424* 

Barrel  -  sla  ve«.  Machine  for  Cutting  or  Joint* 
ing,  by  Greenwood  A  Batley,  222. 

Barrett,  Exalt.  A  Andrewe*,  Daugliah'i  ASre- 
ted  Bread  Machinery  by,  270;  Biscuit 
Machinery  by,  212 ;  High-pressure  Expan- 
sion ana  Son-Condensing  Horizontal 
Steam  Engine  by,  303 :  Vertical  Steam 
Engine  by,  30J  ;  Portable  Engine  by,  320. 

Bary,  De,  Cigar-making  Machine  by,  21*3. 

Baaire,  J.,  Miller's  Marine  Governor  by,  371, 

Baas-Hbres,  Machine  for  Cutting  and  .Mea- 
suring, by  Eastwood,  296. 

Bastier,  J.  U.,  Chain-pump  by,  300. 

Baudouin  Brother*  A  Jouannin,  Net  Loom 
by,  111. 

Beattie,  J.,  Coal-buming  Boiler  by,  3, 6.  7,  8, 
10;  Feed  water  Heater  by,  8 ;  Tyre^tasten- 
ing  by,  31 ;  the  Inventor  of  the  Double 
Faceplate  Lathe,  2»7. 

Beck,  John,  Straightway  Stop- valve  by,  407. 

Beer-engine*,  Ac..  400;  Cellular  Wine-bins, 
Wrought-irou  Scantling,  Bottling  Appa- 
ratus, Corking  Machine*.  Screw  Bottle- 
stopper,  by  Farrow  A  Jackson;  Beer-en- 
gine, bvGerardin  A  Watson,  -V  t:  -.  Self- 
acting  Bottling  Machine,  by  Gallagher, 
407. 

Bellhouse,  E.  T.,  A  Co.,  Cowbnrn's  Oscillating 
Direct  Safety-valve  by,  984:  Hydraulic 
Pumps,  and  Stop  and  Let-off  Cock*  by, 
394. 

Belliss  A  Becking*,  Vertical  Steam-engine  by, 

aUZ* 

Belpaire,  Locomotive  by,  !1. 

BelU,  Driving  423  ;  India-fuBber  Belting,  by 
the  North  British  Rubber  Company ; 
Belting,  by  Spill ;  Compound  Leather 
BelU,  by  Nobe*  A  Hunter;  Edge-laid 
Leather  "Bands,  by  Bryant  A  Cogan  ;  Flat 
Leather  Driving  Bands,  by  Edwards  A 
Son  |  Untanned  Leather  Belt*,  by  Prel- 
ler  ;  Gut  Wheel-bands,  by  Poller.  423. 

BelU,  Driving,  Tensile  Strength  of,  by  G. 
SpUl  A  Co.,  and  by  C.  A.  Freller,  423. 

Belt-shifter,  by  J.  0.  Gore,  43L 

Bergue,  C.  De,  A  Co.,  Machine  Tools  by : — 
Steam  Punching  and  Shearing  Machine, 
167,  211  ;  Punching  and  Shearing  Ms- 
chinerRiveting  Machine,  ISO,  1HI  ;  Rivet- 
making  Machine,  1<12  ;  Angle- bar  Cutting 
Machine,  103, 

Berlin  Joint-Stock  Company,  Saloon-carriage 
and  Third-Class  Carriage  by,  20. 

Berlios  A  Co.,  Magneto-Electric  Machine  for 
Producing  Light  br,  2hh. 

Bernier  A  Arbey,  Woodworking  Machines  by  : 
— Mortising  Machine,  Tenoning  Machine, 
Circular  Saw  or  Saw  Bench,  Moulding 
Machine,  Lathe  for  forming  LaaU  and 
Wheel-apokea,  SM,  224* 

Berthelot,  Stocking  Looms  by.  ILL 

Bertram,  George,  Paper-making  Machinery 
by,  231,234. 

Besley,  K, ,  A  Co.,  Type -easting  Machine,  236. 

Bessemer7*  Pump  in  1851 ,  37». 

Beugger,  Roving-frame  bv,  (17. 

Bevd-wheel  Cutting  MacnineTV  Hunt  A  Co., 
||L 

Beyer,  C,  Slab  Frame-plate  of  Locomotive*, 
introduced  by,  12. 

Beyer,  Peacock,  A  Co.,  Locomotive  by,  12 ; 
Machine  Tool*  by  i  —  Double  Face- 
plate Lathe,  Frame  •  drilling  Machine, 


Biddell,  O.  A.,  Chilled  Railwsy  Crossings  by, 

BO. 

Bigelow,  Blake'*  Leather-stitching  Machine* 
by,  12L 

Biscuit  Machinery  : — Biscuit  Machinery,  by 
Barrett,  Bxall,  A  Andrewe* ;  by  Porter, 
Hinde,  A  Porter;  Travelling  Oven  for 
Biscuiu,  by  Vicars  A  Co.,  213. 

Bisaell,  William,  Haagb's  Mortising  and  Boring 
Machine  by :  Flooring  Cramp  by  ;  Lifting 
Jack  by,  »L 

Bisaell  Truck  in  Locomotives,  23* 

Blake,  Brother*,  Stone-breaking  Machines  br, 
2J£L 

Blake'*  Leather-stitching  Machine,  by  Bige- 
low, 12L 

Blanshard  Lathe,  bv  Greenwood  A  Batley, 

221, 

Blast-engines  : — by  the  Lilleshall  Company, 
3Uti;  Schiele  A  Williama'  Blast-engine, 
by  the  North  Moor  Foundry  Company, 
412. 

Blast-pipe  in  Locomotives,  R.  Peacock'*  ex- 
periment* on  the  best  Level  of,  13. 

Blond,  Le,  Sewing  Machines  by,  127. 

Bochura  Company,  Disc-wheels  by,  22, 

Bocke,  F.,  Sewing  Machines,  1*7. 

Bodmer,  R.  A  L.  H.,  Bodmer's  Safety-ralve 
by,  S«3_. 

Boilers,  Steam,  320.    (Set  Steam-boilers.) 

Boilers,  Piece*  and  Fittings  of,  36'J.  (Set 
Steam  Engines  and  Boilers.) 

Boland,  Kneading  Machine  by,  272. 

Bolinder,  J.  A  C.  8.,  Compound  Planing  and 
Shaping  Machine  by,  li±L. 

BnlhV  A  Son,  Hydraulic  Ram  by,  3JLL 

Bonelli,  Electrical  Loom  by,  112. 

Boring  Machine,  Horizontal,  by  Crawhall  A 
Campbell,  1M. 

Boot  and  Shoe  Cleaning  Machine*,  by  Rawlings, 
and  by  Topham,  2113. 

Boot-pegging  Machine,  by  Greenwood  A 
Batley  ML  223. 

Booth  A  Chambers,  Calico  Loom  by,  9P. 

Boring  Machines  for  Wood: — General  Joiner, 
by  iL Woraaam  A  Co.,  213,,  22ft;  Mortising, 
Tenoning,  and  Boring  Machine,  by  Powia, 
James,  A  Co.,  219;  Haigh'*  Mortising 
and  Boring  Machine,  by  William  Bisaell, 
284 ;  Boring  and  Fret-cutting  Machine, 
try  J.  Lewis,  224* 

Borsig,  Locomotive  by,  22* 

Bostwick,  L.,  Running-stitch  Sewing  Machine 
by,  US. 

Bottle-stopper,  Screw,  by  Farrow  A  Jackson, 

408. 

Bottling  Apparatua  for  Aerated  Waters,  279. 

2*1.  2212  :  by  Farrow  A  Jackson,  HJSi  ^bj 

John  Gallagher,  JUL 
Boucherie'a  Process  for  preserving  Timber, 

Example*  of,  33. 
Bourdon,  V.  ,  Pressure-gauge  by,  Mode 

of  raising  Water  by  means  ot  a  Jet  of 

8U*m  by,  W7. 
Bowser  A  Cameron,  Henderson's  Moveable- 

derriek  Cranes  by,  420* 
Boydell'sTraction  Engine,  by  C.  Burrell,  331. 
Bracket-joints  for  Bad*,  3Z*   (St*  Petmaneut 

Way.) 

Bradbury  A  Co.,  M'Crorsan's  Empire  Sewing 

Machine  by,  122. 
Bradford,  Thomas,  Washing  and  Mangling 

Machine*  by,  4Jt;  127,  j2*L 
Bradley  A  Co.,  Buffing   and  Draw-spring 

by,  33, 

Bradfe*/ A  Craven,  Briek -making  Machine  by, 

Braid-making  Machine  by  Lansnville,  118. 
Brakes,  Railway,  33,     (*««   Carriages  and 

Waggons,  DetalhTof.) 
B  ram  ah  a  WaUr-meUr,  402* 
Bray'*    Traction-engine  Company,  Bray'* 

Traction  Engine  by,  333. 
Bread-baking  Apparatus  :— Economising  the 

Waste  Heat  of  the  Oven,  by  Dr. .not  ; 

Travelling  or  Railway  Oven,  by  Vicar*  A 

Co.;  Holland's  Revolving  Oven,  by  Le- 

sobre,  172, 

Bread-making  Machinery  :— Process  of  con- 
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verting  Flour  into  Bread,  2QB  i  Daugli»h'» 
Aerated  flnwl  Machinery,  by  Barrett, 
Kull,  A  Andrewrs,  221L  (Stt  Kneading 
Mn  hines  ) 

Brewing  Machinery,  383 ;  Preliminary  Notice 
.  ii  Hefrigernting  ;  Refrigerator  and  Mash- 
tun,  br  O.  Lawrence,  gs:t :  Kefrigeralor, 
by  Bridle,  and  by  Pontifex ;  Combined  Se- 
parating, Dressing,  and  Malt-crushing 
Machine,  and  Malt-balance,  by  K.  Oiblton  , 
Hodge's  Hop-separator  and  Hop-press, 
br  IlsndysiJe  B  Co.;  Filter -pre*«,  by 
Nrcdhatn  A  Kite,  28»;  Cask-cleansing 
Machine,  by  Robinson;  J.  K.  Dariaon 
on  Cask -cleansing,  233. 

Brick-making  Machine*,  ^  (See  Clay,  Ma- 
chine* for  Working  in.) 

Bridge-work,  Basket,  by  Thomas  Dunn  ft  Co., 
ML 

Bridle,  ii^  Hefrigerator  by,  284. 

Uriggs  &  Starkey,  Washing  Machine!  by,  427, 

43^430, 

Bristle- assorting  Machine,  by  Yates,  22fl. 
Broaghton  Copper  Company',  Tubes  by,  SOL, 
Brown,  O.  ft  J.,  Solid  Iron  and  8l«cl-raced 

Tyres  by,  3fl» 
Brown  ft  Mar,  Pottable  Engine  by,  31L 
ltruneaux,  Woollen  Loom  by.  111. 
Brunton,  J.  D.,  Machinery  for  Straining  and 

Moulding  Peat  by.  2&L 
Brushing  Machine*.  1 ln. 
Bryant  ft  Cogan,  Edge-laid  Leather  Band*  by, 

Buchton,  Joshua, 4  Co.,  Maohine  Tools  by:— 
Self-acting  Sliding  and  Screw-cutting 
Lathe,  Bhaping  Machine,  179 :  Slotting 
Machine, Punching andSheanng  Machine, 
l*> 

Buffers,  Railway,  32^  (Stt  Carriage  and  Wag- 
gons, Detail*  of.) 

Building*,  Warming  and  Ventilating: — Hut-sir 
Fan  for  Heating  Buildings,  by  John  R. 
Dariaon,  411 ;  Revolving  Arcliimcdian 
Screw. rent  ilators  for  Building*,  by  James 
Howorth,  41 1  •  Dr.  Ueger's  He  rew-venti- 
lator  by  the  Vienna  Commission  for  the 
Ventilation  of  Military  Hospital*,  412. 

Riiiason,  Grinding  Mill*  by,  2«\>. 

Bullets,  Machine  for  Casting,  by  Leonhardt, 

Bunnett  ft  Co.,  Concentrio  Steam  Engine  by, 

m. 

Bun-ell  k  Co.,  Portable  Engine  by,  320;  Boy. 

dell'*  Traction  Engine  by,  :m. 
Burring  Machines,  Wool,  EL.  (S»«  Wool 

Machinery.) 
Butteriey  Iron  Company,  Double-headed  Bail 

and  Girder  by,  37. 


C. 

Cimxol,  Submarine  Lamp  by,  426. 

fail,  J.  K,  A  Co., Coining  Press  by,  £11  •  Sugar- 
mill  and  Engine  by,  2112;  "  Triple-effet  " 
Vacuum-pan  and  Apparatus  by,  2I2&;  Cen- 
trifugal Machine*  by,  2WI ;  Horizontal 
Steam  Engine  by,  31'i ;  Uorisontal  Air- 
pumping  Engine  by,  3UL;  Forgings  hv,.'irKi. 

Cail.  J.  F.,  ft  Co.,  and  Parent,  Sctiaken, 
Caillet,  ft  Co.,  Locomotive  by.LL 

fail,  Ilalot,  ft  Co.,  Vacuum-paii  Apparatus, 
and  Centrifugal  Machine  by,  'i<M ;  Por- 
table Engine  by,  332* 

Caird  ft  Co.,  Direct-action  Screw  Engine*  by, 


Caledonian  Railway,  Smoke-consuming  Con-  , 

tri ranee  tried  upon,  ft. 
Calender,  Fire-roller,  by  John  Kerr  ft  Co.,  HJL  | 
Calico  Looms.    (Set  Wearing  Machinery.) 
Callebaut,  Olore-stitching  Machioe*  by,  i  JT, 
Calorio  Engine*.  i  •'    (Stt  Air-engines.) 
Calvin  ft  Goddard,  Wool-burring  Machine  by, 
Zi 


CammeQ,  C,  ft  Co.,  Laminated  8pring  br,  32. 
C*na<la,  Grand  Trunk  Kail 
iron  Wheel*  from,  32. 


■  1  Spring  I' 
of,  Chilled 


Cast- 


Carding  Engines,  Cotton,  11;  Single  Carding 
Engines  by  Walker  ft  Hacking,  41;  Ameri- 
can Carding  Engine,  Rivett'*  Carding  En- 
gine, and  Hetherington's  8elf-itripping 
Carding,  by  John  Iletlierington  ft  Sons, 
gLM,  Z&;  Breaker  Card.  Finisher 
Cardf  and  Coarse  Card,  by  Piatt  Bro- 
thers A  Co.,  &Z  ;  Carding  Engine  by  John 
Mason, U3  ;  American  Carding  Engine*  by 
Wm.  Higgin*  A  Sons,  fit,  2flj  Breaker 
Card,  and  Finisher  Card,  by  Dobson  ft 
Barlow,  C6j  Carding  Engine  by  Rycx  ft 
Son*,  07_ 

Carding  Engines,  Wool,  73,14,  (Stt  Wool 
Machinery.) 


Carding  Engines,  for  Flax,  by  8.  Lawaon  ft 

Sons,  ZB. 

Card-aelting  Machine,  by  T.  Crabtree,  lis 

Carr,  T.,  Double-acting  Composite  Mill  by, 
247  ;  Disintegrator  by,  24ft. 

CamS  ft  Co.,  Cooling  Apparatus  by,  277. 

Carrett,  Marshall,  ft  Co.,  Joy's  Steam-hammer 
br ,  2121 ,210 ;  Vertical  Steam  Engine  br,3UU ; 
Horizontal  Double-cylinder  Steam  Engine 
by,  aiffl ;  Steam  Passenger  Road  Carriage 
by,  337;  Donkey  Engine*  or  Steam 
Pump*  by,  384;  Joy'*  Hydraulic  Organ- 
blower,  384. 

Carriage*,  Steam,  331.  (See  Steam  Carriages.) 

Carriages  and  Waggons,  Railway: — Claasiuca- 
tion  of  Railway  Carriage*  and  Waggons, 
26;  Built  Covered  Waggons,  ZLi  Coal- 
waggon,  by  Harriion  *  Camm :  Open 
Iron  Waggon,  by  the  Gloucester  Waggon 
Company  ;  Covered  Goods-waggon,  by 
Ash  bury,  and  Particulars  of  its  Construc- 
tion ;  Saloon  Carnage,  by  Ashbury .  First- 
class  Carriage,  by  J.  Wright  ft  Sons,  28 : 
Composite  Carriage,  by  the  Cnmpagnie 
Qeneralr,  Paris,  :  Promenade  Carriage, 
by  the  Corapegoie  Gcncrale,  Brussels,  29; 
Saloon  and  Third-class  Carriage,  by  the 
Berlin  Joint-Stock  Company,  i& ;  Intro- 
duction of  the  Saloon  System  of  Carriages, 
28. 

Carriage*  and  Waggons,  Railway,  Detail*  of. — 
Railway  Wheel*  : — by  Owen,  by  Dixon  ft 
Clayton.  2U;  Tyre-fastening,  by  Murphy; 
Tyre*,  by  G.  ft  J.  Brown  ;  Cost-steel 
Tyre*,  by  J.  Spencer  ft  Son* ;  Double- 
disc  Wheel,  by  P.  Wright;  Spring-tyre, 
by  W.  B.  Adams,  30.  Tvrr-fastenitig,  by 
J.  Beat  tic  ;  Cast -steel  Disc  Wheels,  by 
Naylor,  Vickers,  ft  Co.,  3L  Forginirs, 
br  Gargan  ft  Co.,  and  Arbel  ft  Co. ;  Disc 
Wheels,  by  A.  Gent ;  by  the  Borhura 
Company  ;  by  Krupp  ;  from  the  Grand 
Trunk  Railway  of  Canada;  by  Larue  ft 
Co.,  32.  Progress  of  Construction  of 
Railway  Wheels,  J2. 

Springs,  32_:  —  by  AD  an,  by  Adams, 
by  Cammell  ft  Co.,  by  Spencer  ft  Son*, 
by  Corlett,  32.  Spring-buffer,  by  Allan  ; 
Bulling  and  Drawing  Mpring,  by  Bradley 
ft  Co. ;  Steel  and  India-rubber  Springs,  by 
8.  Moultonft  Co., 33,  Coupling*,  by  Little, 
33;  Carriage- brakes,  33;  Ncwall's.  Fay'*, 
34:  (tin  rin  a,  Lyons  Railway  Company's, 
Ac  hard's  Electric  Brake,  :<,V 

Carving  in  Wood,  Jordan'*  Machine  for,  by 
Cox  ft  Son,  223. 

Carving  and  Pointing  Machine,  by  E.  Smith, 

Cask- cleansing  Machine,  by  Robinson,  2S& ; 
J.  R.  Davuon  on  Cask -cleansing,  282. 

Caaton,  J.,  Raisin  and  Currant-dressing  Ma- 
chines by,  214. 

Cast-iron  Steam  Boiler,  by  Joseph  Harrison, 

Catenot,  Beranger,  ft  Co.,  Engine  Weighing 

Machine  by,  4i 
Cater,  Henry,  Multitubular  Bailer  by,  323. 
Caxenove,  Mode  of  Cutting  off  Bricks  by, 

264. 

Celle*,  De,  Sewing  Machine  br.  12Z. 
Centrifugal  Pump*.    (See  Pump*,  Centri- 
fugal.) 

Chadwick  ft  Froaf*  Water-meters,  by  the 
Manchester  Water-meter  Company.  434. 

Chain,  Galle,  by  Parent,  Schakrn,  Caillet,  ft 
Co.,  422. 

Chain-cables,  Machine  for  Making,  by  Madame 
Sinibaldi,  204. 

Chain-pump*.   (Stt  Pump*,  Chain.) 

Chair*.  Railway,  33.  (Set  Permanent  Way.) 

Chandler,  J.,  Flat-glass  Water-gauge  bv,  :ti', 

Chaplin,  A.,  ft  Co.,  Five-Ion  Portable  Steam- 
cranes  by,  413  ;  Ship's  Engine,  with  Ap- 
paratus for  Winding,  Cooking,  and  Die- 
tilling  by,  27V  414. 

Chedger,  J.,  Glass  Pump  bv,  3i!l ;  Glaa* 
Hollers  by,  3UL 

Chouillon  ft  Jaeger,  Grindstone  for  Thinning 
Leather  by,  2112. 

Churka,  Indian,  46. 

Clark,  D.  R.,  Coal-burning  Firebox  by,  4.6^ 
7,  8,  300;  Smoke-consuming  Apparatus 
by,  Mfl:  Feed-water  Uraler  by,  H,  .HI') : 
Projectile  Theory  of  the  Violence  of  Boiler 
Explosion*  by,  32L 

Clark's,  Dr.,  Process  for  Softening  Water, 

Clark,  J.  L.,  8moke-consuming  Firebar*  by, 

Clay,  Machines  for  Working  in  : — Wet  or 
Plastic  Clay  Machines,  for  making  Bricks, 
Pipes,  and  Tiles,  by  1L  Clayton  ft  Co., 


232 ;  by  Efferts,  253;  by  Page  4  Co.;  W 
Sharp  ft  Bulmer ;  Mode  of  Cutting  t€ 
Bricks,  by  Caaenove,  234.  Dry-clay  Ms- 
chines,  234  :  Semi-dry  Clay  Bnck-maki&r 
Machine,  by  Wilson  :  Dry-clay  B net- 
making  Machine,  by  Bradley  ft  Craves, 
255;  and  by  Piatt  Brothers  ft  Co.,  2jC 

Clayton,  Henry,  ft  Co.,  Brick,  Pipe,  and  TJe- 
making  Machine*  by,  HI. 

Clayton,  Shuttleworth,  ft  Co.,  Horiaonts! 
Steam-engine  by,  8am 

Cloth,  Machine  for  Measuring,  by  Woodcock 
ft  Lee,  423. 

Coal,  the  Phyiical  Conditions  of  the  compVo 

Combustion  of,  2;    Combustion   of  :■. 

Locomotives,  8- ft.    (See  Locomotives.) 
Coal-burning  Boilers,  JLSL  10.  13.  14.  17.  It. 

21,20.    (See  Locomotive*.) 
Cohen.  Process  of  malting  Lead  Pencils  bv, 

J0J. 

Coining-machines,  231 ;  Fly-press,  bv  Pinches 
ft  Co. ;  Coining-machine,  br  t'blhorc , 
Coining-press,  br  J.  F.  Cail  ft  Co..  23L 

Colburn,  /..,  as  to  Boiler-explosioaa,  322 .  as 
to  Steam-pumps,  3&L 

Collsrs,  Contracting,  for  SlubVing  and  ntVr 
Spinning  Frames,  by  J.  Dugdale  ft  Sons, 

m. 

Colley,  E.  E.,  Hoe's  Ten-feeder  Printinr- 

machine  by,  2LL 
Collier,  Luke,  Confectioner*'  Machine*.  B'«- 

cuit- rolling  Machines,  Sugar-grinding  M  ... 

by,  223. 

Collierr,  Uorisontal,  Winding  Steam-engines, 
brThornewUl  ft  Warhaiu,  3Jn ;  by  Quillac, 

317. 

Colliery  Winding  Indicator,  br  Schiffer  4 
Budeuberi:. 

Cologne  rngiue-huLlding  Company,  Portahat 
Engine  bv,  ■'W'* 

Colquhoun  ft  Thomson,  Moveable-girder  Fire- 
bars by,  300. 

Coml*>  &  Son,  Flax-machines  by  ;  Loog-liB« 
Hackliog-machine  ;  Long-line  Spressder . 
Drawing-frame  ;  Roving-frame  .  Tow-asp 
Machine;  Cop-winding  Machine,  80. 

Cotnpagnie  Gcncrale,  Brussela,  Proxnen*>> 
Carriage  by,  2SL 

Cnmpagnie  Gen/rale,  Paris,  Cotnpoeite  Car- 
riage by,  22. 

Concentric  Steam-engine,  by  Bunnett  ft  C  , 
313. 

Concrete-stone  Foundation,  br  F.  Bansomr, 
Sli. 

Condenser,  Surface-evaporator,  Perkins's.  31 ». 

Condenser*  for  Wool,  LL  13.  (See  Wc«4 
Machinery.) 

Condie's  Steam  Hammer,  by  Allan  C.  W\>, 
130.  202.  210. 

Confectioner*'  Machinery  :  —  Confw-tionjrs' 
Machines,  Biscuit-rolling  Machine,  Sues/- 
grinding  Mill,  by  Luke  Collier  ;  Mactua<* 
by  Weatherler,  223 ;  Raisin  and  Comae 
dressing  Mac  Lines,  by  Caaaon,  ?7a 

Conisliee,  W.,  Main  Single-cylinder  Prinhar- 
machino  by,  841. 

Connectiog-rod*,  Short,  Remarks  on  in  Manae 
Engines,  338  343.  3iZ* 

Connor,  B.,  Coal-buming  Firebox  by,  5,  9^11. 

Conror,  K.,  Cork-cutting  Machine  by,  fjt , 
Mr.  Holmes's  Remarks,  Mfi- 

Cook,  D.,ft  Co.,  Steam-riveting  Machine  b». 
130.  I«5.  an  ■  Punching  and  Shears.- 
Machine  by,  1113;  Bour-pan,  ViS. 

Cook  ft  Hacking,  Heald-knitting  Machine  bv, 
lift. 

Cooling  Apparatus.    {See  lee-making,  Ac.) 
Cop-winding  Machine  for  Flax,  by  J .  Cots' -e 
ft  8on,  SO. 

Copper-miner*  in  England,  Governor  eel 
Company  of.  Bridge. rail  bv,  3Z. 

Coppet-plate,  by  D.  ft  J.  Greig,  244. 

Corcoran,  Brran,  ft  Co.,  French  Burr  Stow 
by,  2S8L 

Cork-cutting  Machines,  231 ;  the  Problem  ft 

Cork-cutting  by  Machinery  ;   Hand  Cat. 

ting  machines  ;  Introductory  Rensa-ks  . 

Machines  by  Conror,  by  Gartner,  They- 

eon,  ft  Ede ;  by  Gleuxer,  230. 
Corking  Machines,  by  Farrow  k  Jackson,  42. 

(See  aUe  Bottling  Apparatus.) 
Corlett,  1L.  L.,  Volute  Spring-buffer  by,  31 ; 

Surface-supported  Rail  bv,  >■ 
Corliss  Steam  Engine:— by  the  Magtirl^arr- 

Hamburg  Steam  Kavigation  Compaa>, 

oli ;  by  the  Sprottau  Iron  Foundry,  ^ls 
Coster,  Dr.  Madame,  Shaping  Machine  bi : 

Vertical  Drill  by,  2<H ;  Portable  Engnc 

by,  S32. 

Cotton,  Machinery  for  the  Preparation  sad 
Spinning  of;  Introduction  of  Egrpcan 
and  East  Indian  Cotton,  44;  Processes  n 
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the  Manufacture  of  Cotton,  the  Indian 
Churks,  the  Whitney  Gin,  Statistics  of 
Cotton,  Carding-cngines,  li ;  Statistics  of 
theCotton  Industry;  Diviaion ofthe8ubjeot, 
n  ,  Machine*  l.y  Walker  ft  Hacking,  Ui: 
Machine*  by  John  Hetherington  ft  Sons, 
fill;  Machin«a  by  PUtt  Brother!  ft  Co., 
■"■1 :  Machine*  bv  John  Maaon,  B3 ;  Ma- 
chines by  Win.  Higgins  ft  Son*,  til ;  Ma- 
chine* by  Dobaon  ft  Barlow,  flfl  ;  Wrra 
and  Hnpkinson,  83  ■  Foreign  Machinery, 
flZ ;  Concluding  Remark*,  tilL  (See  utto 
tkott  ktaJt  retptetivtlf.) 

'otton  Machinery,  Foreign :  Carding  Engine, 
by  Bycx  ft  Son  :  Roving-frame,  by  Beug- 
ger  |  Saw-gin,  by  Emery ;  Remark*  on 
Gins.  67.  BiL 

!ottoo,  Egyptian,  AL 

'otton  or  Calico  Loom*.  (See  Wearing  Ma- 
chinery.) 

'otton,  Length  of  Staple,  11. 

'••tron,  Indian,  §L  4ft.  4tL 

'••I ton  Induitry,  Statistic*  of,  t^i 

otton,  Processes  in  the  Manufacture  of,  45. 
tton-baling  Pre**,  by  June*  Numyth  ft 
Co.,  lfli. 

ounter  Fountain*,  232. 

>  maters.  Mechanical,  by  Tronuiet,  243. 

»wan,  T.  W.,  Compressed-Air  Hammer  by, 
2*23;  An»i-friction  Trunk-engine  by,  U&L 

ox  A  Son,  Jordan's  Machine  for  Carting  in 
Wood  by,  225. 

rahtree,  T.,  Card-setting  Machine  by,  US. 

ramp  Flooring,  bv  Wm.  Bissell,  22L 

ranes  and  other  Hoisting  Tackle,  iai ;  Hen- 
derson'* Moveable- Derrick  Crane,  by 
Bowser  ft  Cameron ;  8sfety  Derrick 
Crane,  by  Forreat  ft  Barr;  Weighing 
Crane,  by  Hart;  Hind'* Weighing  Crane, 
by  B.  Kitchin,  4L42U;  Hydraulic  Crane* 
and  Capstan,  by  Sir  W.  O.  Armstrong  ft 
Co.,  jjOj  Differential  Pulley-blocks,  by 
Weston;  Crab*  and  Pulley-blocks,  by 
I. under  ft  Wataon;  Jacks,  Lifting,  by 
Wm.  Bissell,  224 :  Hydraulic  Lifting 
Jack*,  br  Adanuon  ft  Co. ;  Hydraulic 
Lift,  by  Huxharn*  ft  Brown  ,  Hydraulic 
Lifting-jack,  by  Tangye  Brother*  ft 
Prioe ;  Traversing  Screw-jack*,  by  Eng- 
land ft  Co.,  121 ;  Hydraulic  Jack*  and 
Travelling  Screw-jack,  by  Thonia*  Wort- 
dell,  4iH;  Crane  with  the  Oalle  Chain,  on 
Ncustadt'*  System,  by  Parent,  Schaken, 
Caillet,  ft  Co.  i  Cranes  by  Fanconnier  ; 
l'ortable  Weighing  Elevator,  by  Vernay  ; 
Double-safety  Lilting -jack,  by  Winaud, 

rano«,  Steam,  and  Sleam-winchea,  413:  five- 
tun  Portable  Steam-crane*,  by  A.  Chaplin 
ft  Co..  413 ;  Bhip's-engines.wiib  Apparatus 
for  Winding,  Cooking,  and  Distilling,  by 
A.  Chaplin  ft  Co.,  413 :  three-ton  Ship'* 
Steam-crane,  by  Lumley  ft  Wataon,  415, ; 
HO  cwt.  Portable  Steam-crane,  by  T. 
Woradel).  Hi;  Hydraulic-jacks,  Tra- 
versing Screw-jacks,  Hydraulic  Wire- 
tester,  and  Hydraulic  liirder. tester,  by 
T.  Worsdcll,  Alfi;  Portable  Steam-crane, 
by  Appleby  Brother*,  sill:  five-horse  I 
power  Portable  Steam-crab,  by  Han  some* 
«  Sims,  418 ;  Steam-winch,  by  James 
Taylor  ft  Co.;  Steam-hoist,  by  J.  P. 
Ash  ton,  412;  Steam-steering  Apparatus, 
by  F.  K.  Sickle*;  Steam.winch,  by  the 
Patent  Fractional  Gearing  Company.  41H. 

ank  Shaft  Forging,  by  the  Mersey  Steel  and 
Iron  Company,  38LL 

awhall  ft  Campbell,  Uorixontal  Boring  Ma- 
chine by,  mi. 

r«e  Engine,  LL 

os«  H£»,  Railway,  33.  (See  Bailway  Plant, 
Filed.) 

u>huig  Machine,  Centrifugal,  by  H.T.  Bal- 
four, 240. 

id  worth,  J.,  Coal- burning  Boiler  by,  3, J,  H, 

irved  Cylinder,  Steam  Engine  with,  by 
Prince  De  Polignac,  312. 

irve*  and  Scale*,  by  Holliapffcl  ft  Co.,  181 

liter*.  Circular,  130. 18H. ituu. 

ttrr- forming,  Pantograph,  Machine,  by  P. 
I  air  bairn  A  Co.,  175.  aio. 

illing-frame*.  by  Holtxapffel  ft  Co. ;  Eccen- 
tric, lHB;  Elliptical,  la7  ;  Rose,  latL 

tting.  Paper,  Machine*.  (Stt  Paper-cut- 
ting Machines.) 

D. 

iXcnVLi.,  F.  n..  ft  Co..  Filtering.  Wat.«r- 
soflrning,  and  Water-tetting  Apparatus 
!•}',  JLu  ;  P.  i  clpitatiug  Apparatus,  2Z1L 


Danclish'*  Aerated  Bread  Machinery,  by  Bar-  i 
rett.  Exall,  ft  Andrewe*, 27JL 
'  Dautrehand,  Paper- making  Machinery  by,  22L 
Davi*,  J.,  Fixed-valve  Oscillating  Engine  by, 
315. 

Davison,  J.  R  ,  Remark*  on  Cask  .cleansing 

by,  224;  Hot-air  Fan  by,  ALL 
Deal-frames,    Saw-frame* ;— Portable  Deal-  ' 
frame  by  S.  Woratam  ft  Co.,  21L  227_i  j 
Combined  'limber  and  Deal  Frame,  by  ' 
Po*is.  Jarne*.  ft  Co.,  211;  Vertical  Saw- 
frame  by  J.  ft  T.  Young,  223  ;  Uorixontal 
Saw-frame  by  W.  Gcc.es,        ;  Vertical 
Reciprocating  Saw,  by  Zimmermann,  2 M. 
Delcambre,  Tvpe-composuig  and  Distributing 

Machine  by,  23fl. 
Denni*on,  Wilcox**  Hot-air  Engine  by,  4Q7. 
Dering,  G.  E.,  Spring-clip  Fish-joint  by,  3iL 
Dcwrance,  J.,  Coal-burning  Firebox  by,  4^ 
Diagonal-seam  Boiler,  by  K.  T.  Wright,  32L 
Diamond-cutting  Machine*:— Machine*  for 
Cutting  and  Polishing  Diamond*,  by  Hunt 
ft  Roakell ;  Remark*  on  the  Process ; 
Carbon  of  Diamond,  2111 ;  the  Koh-i-noor; 
Diamond-mine*,  2H2. 
Dickinson,  Wm.,  ft  Sons,  Weaving-machinery 
by :— Sixing-machine,   Calico-bom,  Hi"; 
Fancy  Looms,  fig.  117. 
Differential  Pulley-blocks  by  T.  A.  Weston,  ■ 
42L 

Dingwall,  W.,  Water-ma'er  by,  400. 
Disintegrator,  by  T.  Carr,  2tM. 
Distance-indicator,  by  J.  Adcock,  4M. 
Distil-acrator,  Chapbn  ft  Russell  a, 
Distilling-apparatu*  for  Watrr  : — Marine  Ae- 
rated Fresh-water  Apparatu*,  by  Nor- 
mandy ft  Co.:  Ship'*  Engine  and  Appa- 
ratus for  Winding,  Cooking,  and  Distilling  { 
Fresh  Water,  by  Chaplin  ft  Co. ;  Chaplin 
ft  Russell'*  Distil-acrator, 
Dividing  and  Notching  Machine.  Differential, 

by  James  Nasmyth  ft  Co.,  liis 
Diving  Apparatus,  425;  Observation*  on  the  | 
Diving  Apparatus  exhibited  by  Siebe,  by 
Ueinke,  t>y  Barnett ;  Submarine  Lamp 
by  Cabirol,  423,  A2u. 
Dixon  A  Clayton,  Railway-wbcel  by,  20. 
I  Dobson  ft    Barlow,  Cotton-preparing  and 
Spinning  Machine*  by  : — Cotton-opener, 
Oil,  £2;  Single  Scutcher,  Breaker,  Carding 
Engine,  Lap  Machine,  Finisher  Cur  ling 
Engine,    Grinding   Machine,  Drawing, 
frame,    Blubbing  -  frame,  Intermediate  - 
frame,  fill;   Roving-frame,  Jack-frame, 
Self-acting  Mule,  H7. 
Dolly  Machine  for  Washing,  427. 
Donkin,  Bryan,  ft  Co.,  Paper-n-aking  Ma- 
chinery by,  233,  23 1:  Uorixontal  Steam- 
engine  by,  aC£;  Parallel. flow  Turbine  by,  I 
3itt):  Upward'*  Drilling  Apparatus  for 
Gas-main*  by,  43U. 
Douglas,  Coal- burning  Firebox  br,  L  HjlL 
DouU,  A..  Half-chairs  for  Rails  by,  35. 
Drawing-frames,  Cotton,  >>y  Walker  ft  Hack- 
ing, itLi  by  John  IletOerinKton  ft  Sons, 
53;  by  Piatt  Brothers  ft  Co.,       by  John 
Maaon,  u4;  by  Dobaon  ft  Harlow,  IUL 
Drawing- frames.  Flax,  by  J.  Combe  ft  Son, 

an 

Dressing  Machine,  Flax,  by  C.  Parkrr  ft  Son*. 
ILL 

Drilling  and  Boring  Machines,  Vertical  and 
Radial: — Self-acting  Vertical  Drilling  and 
Boring  Machines,  and  Radial  Drilling 
Machine,  by  Jo*eph  Wbitworlh  ft  Co., 
Lid;  Vertical  Drifting  and  Independent 
Rudial  Drilling  Machine*,  by  Sharp, 
8tewart.  ft  Co.,  Ill;  Frame-drilling  Ma- 
chine, by  Beyer,  Peacock,  A  Co.,  ltd;  j 
Vertical  Drilling  and  Radial  Drilling  and 
Boring  Machines,  by  J.  &,  Huliu-,  I  M :  ' 
Self-acting  Vertical  Drilling  and  Radial 
Drilling  Machine*,  by  Wm.Muir  ft  Co.,  J 
1£2;  Self-acting  Radial  Drilling  Machine, 
by  John  Hetherington  ft  Sous,  153  ;  Self- 
acting  Vertical  Drilling  and  Radial  DriU 
ling  Machines,  by  Smith  ft  Coventry,  155.; 
Self-acting  Machine*  for  Vertical  and  for 
Rsdml  Drilling,  br  P.  Fairbairn  ft  Co., 
107,  1W8 ;  Vertical  Drilling  Machine,  by 
Fox  Brother*,  Lt£l ;  Friction-gear  Drilling 
Machine  and  Multiple  Drilling  Machine, 
by  A.  Shanks  A  Co.,  182  ;  Radial  Drill,  by 
G.  A  A.  Harvey,  Hai;  Multifarious  Punch- 
ing and  Manifold  Drilling  Machine,  by 
Peto,  Brassey,  A  Bctts,  1B2 ;  Vertical 
Drill,  by  Madame  de  Cosier,  2Q4;  Radial 
Drill,  by  R.  Uartmann,  204:  Conclusions 
a*  to  Vertical  Drilling  and  Boring  and 
Radial  Drilling  Machines,  ix'iO. 
Drilling  Apparatu*,  Upward'*,  for  0a*  Main*, 
by  Bryan  Doukiu  ft  Co.,  4J0. 


Drouot,  Kneading  Machine  by,  212. 

Dubs  ft  Douglas,  Coal-burning  Firebox  by,  A. 

Dugdale,  J.,  ft  Sons,  Weaving  Machinery  by : — 

Winding  Machine,  HI;  Calico  Looms,' lis  ; 

Contracting  Collars,  fit). 
Duncan,  T.,  Water-meter  by,  405,  Jj3fL 
Dunn,  T.,  ft  Co.,  Railwsy  Turntable*  by,  ZH; 

Traverser*  by,  4j)i  Upright  Boiler  by,  321 ; 

Double-act  iun    Steam-pump     by,    3b3.  ; 

Double-action  Donkey-pump  by,  isi ; 

Basket  Bridge  Work  by,  13L 
Dnrand  ft  Pradrl,  Jacquaril  Loom  by,  111. 
Durenne,    Wagner'*    Water-softening  Ap- 
paratus by,  27JL 
Dutartre,  Double-cylinder  Printing  Machine, 

in  Two  Colours,  by,  2JJL 
Dynamic  Valve-gear,  by  John  Hackworth,32Ju 
Dynamometer,  by  Schuffer  ft  Budenberg,  3uo. 


E. 

Kadi*  ft  Srixcua,  Tube*  br,  322. 

East  London  Waterwork*,  Mr.  C.  Greave*  on 
the  Cornish  Pumping  Engine*  at, 

Eaaton,  Amos,  ft  Sons,  Centrifucal  Steam- 
pump  by,  32fi ;  Fourneyron  Turbine  by, 
Xtl  ;  Fire-engine  Annihilator,  with 
Worthington'*  Duplex  Pump,  by.  -KM.  4tl2. 

Eaitwood,  Machine  for  Cutting  and  Measuring 
Baas- fibres  by,  200. 

Eastwood  A  Sons,  Steam  Tilt-hammer  bv,  20 1. 

Edwards,  C.  J.,  ft  Son,  Flat  and  Hound  Lea- 
ther Driving  Bands  by,  423. 

Effcrtx,  P.,  Brick-making  Machine  by,  2B3. 

Kgells,  F.  A.,  Woolf  Beam  Engine  by,  3UL 

Electro. Magnetic  Engine,  bv  1LC.  Hurry, 413. 

Embroidery  Machine,  by  vVeisenthal,  117 ;  by 
Fiaher  A  Gibbons,  U8,  LUi. 

Emery,  1L.  L.,  Saw- gin  bv.  t>7.  CI). 

Emery  Wheel*,  Consolidated,  by  Warne  ft 

Co.,  aa. 

Enjtines,  Gut,  4HB.    (See  Gas  Engine*.) 

Engines,  Steam.    (Set  Steam  Engine*.) 

Engine-counters,  by  Schiiffer  A  Budenberg, 
3nZ  ;  by  J.  Richmond,  424. 

England,  Gv  ft  Co.,  Tank  Locomotive  by,  10; 
Travening  Screw-jack*  by.  Hi 

Engraving  Machine*,  22a ;  Double-bar  Panto, 
graph  Engraving  Machine*,  bv  Loukett, 
Hon*,  ft  Leake ;  Elect rograph  Engraving 
Machine,  by  1L  Ganide,  22h. 

Ericaaon,  Caloric  or  UoUair  Engine  by,  X>7. 

Etcher,  Wy*«,  ft  Co.,  Compound  Cylindrr 
Paddle-engine*  by,  for  Shallow  Naviga- 
tion, il.'i.'i, 

Evans  ft  Dubs,  Coal-burning  Firebox  by.  4. 

Eteritt,  A.,  ft  Son*.  Bra**  and  Copper  Tube* 
by  .  Copper  Wire  by,  3112. 

Expansive  •  working  of  Steam  in  Steam 
Engine*  by  special  Mean*  ;  Expaaaive- 
working,  by  Barrett,  Exall,  ft  Andrewes, 
3C3  :  Expansion  Piston-valve  Motion,  by 
Ti  Ferrabee  ft  Co.,  308 :  Expantion- 
gear  in  the  "  Allen  Engine,  by  C. 
T.  Porter,  310:  Double  Single. -trunk 
Cylinder,  by  K  E.  Allen,  331 ;  Revolving 
Equilibrium-valve,  by  Maudslay,  Son*,  ft 
Field,  336 :  Remarks  on  Expansion  gear, 
■tot*.  (St*  alto  Steam  Engine*.  Compound.) 

Explosion*  of  Boilers,  1112;  Projectile  Theory 
of  the  Violence  of,  by  the  Author,  321; 
Professor  Rankine  on  the  Expansive 
Energy  of  Heated  Water,  3ji2, 


F. 

Fiiibxiis,  P.,  ft  Co.,  Ropc-spinning  Machi- 
nery by.  Kl_;  Machine  Tool*  by :— Self- 
acting  Slide  Break-lathe,  |M|  Slide  and 
Screw-cutting  Lathe,  Double  Stud  Lathe. 
167;  Self-acting  Machine*  for  Radial 
Drilling,  Vertical  Drilling.  IgL  lfiU;  for 
Planing,  H&!,  170,  tim  -r  for  Shaping, 
Slotting.  121-173.  2liS;  for  Circular  Shear- 
ing, and  Pantograph  Cutter-forming ; 
Surface-plate*,  125. 

Fairbairn,  William,  ou  tbo  Vortex-turbine, 
ant 

Fairbairn,  William,  ft  Sons,  Locomotive  by,  LL 
Fan*.  411  : — Noiseless  Disc  Fan,  by  (Jeorgd 
Lloyd ;  Hot-air  Fan,  or  Thermantcrion, 
by  J.  R.  Davison  ;  Revolving  Archimrdian 
Screw  Ventilator,  by  J.  Howorth,  41i  ; 
Piatt  ft  Schiele  s  Sdent  Fan,  and  Blast- 
engine  or  Blowing-fan,  by  the  North 
M  i «>r  Foundry  Company,  U  .'.  413 ;  Ven- 
tilating-fan  by  Lemirlle;  Dr.  llegcr's 
Screw  Ventilator,  by  the  Vienna  Imperial 
and  Royal  Commission  for  the  Ventila- 
tion of  Military  Uospitals,  ALL 
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Faraday,  Profeasor,  on    Regenerative  Ou 

t'ur'.n  ea,  v 

Farcot  ft  Soot,  Steam-hammer*  by,  205  ; 
Horizontal  Condensing  Engine  br,  :tlrt ; 
Multitubular  Boiler  by,  a£& :  T»..-t>*Ll 
Governor,  with  crowed  Arm*,  by,  321. 

Farrow  A  Jackson,  Cellular  Win*  Bint, 
Wrought-iron  Scantling,  Bottling  Appa- 
ratus, Corking  Machines,  Screw  Bottle- 
stopper  br, 

Fauconmer,  K.  L„  Grinding-mill  br,  249. 

Fauconnier,  C,  Crane*  by,  122. 

Fawcett,  Preston,  ft  Co.,  Sugar-mill  and 
Engine  by,  tsl ;  Aapinall's  Open  Rvapo- 
rating-pan  by,2fl&. 

Fay,  C,  Continuous  Brake  dt,  &L 

Feeder,  Diagonal,  by  Apperley  ft  Co.,  for 
Wool,  24. 

Feeder,  Double  Lattice,  by  Ferrabee  4  Co., 

lor  Wool,  Zi,  Ik, 
Feedwater-beater,  by  J.  Beattie,  fi ;  by  D.  K. 

Clark,  SL  32LL 
Ferrabee,  1L,  BHtiafa  Sewing  Machine  by,  1M 
Ferrabee,  J77ft  Co.,  Double-lattice  Feeder  by, 

for  Wool,  74,  J6i  Fulling  Machine  by, 

11&;    Vertical  Steam-engine   by,   HUH  ; 

Adjuiting  Spanner  by,  37a. 
Fibre-  extracting  Machine,  Sandford  ft  Mai- 

lory'a,  by  A.  Qiild,  Zli. 
TieldVStcam-tioilcr. 

File-cutting  Machine*,  lMi=;By  Greenwood 
ft  Batley,  Ihl ;  by  Francis  l'reeton  ft  Co., 

1M, 

Fill  Krutr.'-s,  Machine  for,  by  Merrier,  7'/. 

Filtering  Apparatus  for  Water: — Principle*  of 
Filtration;  Filtering.  W*teriiig-eoitening, 
and  Water-tetting  Apparatus,  by  K.  U. 
Danchell  ft  Co.,  SZ&t  Tubular  Filter*,  by 
Nadault ;  Keeerroir  Fitter-ball*,  by 
Lorens  ft  Vette.  27JL 

Tilter-pre**,  by  Needhara  ft  Kite,  ZhI. 

Firebars,  3SSL.  {St*  Furnace*.) 

Firebox  and  Flue-lube*,  Moveable,  for  Mul- 
titubular Boiler*,  by  L«urem  ft  Thomaa, 
332  ;  by  Farcot  ft  Sou,  31ft ;  by 
Biddell  A  Balk,  !£. 

Fire-engines,  The  object  of  a  Fire-engine, 
Trial*  made  by  the  Special  Jury  on  Fire- 
engine*  ;  Manual  Fire-engine*;  Brigade 
Fire-engine*,  by  Merry  weather  ft  Son, 
ami :  Fire-engine*,  by  Shand,  Maaon,  ft 
Co.;  principal  Dimension*  of  the  Manual 
Fire-engine*  ;  R**ult  of  Trial*  ;  Steam 
Fire-engine*  ;  the  Deluge  Fire-engine,  by 
Merry«eather  ft  Son,  387  i  Steam  Firv- 
engine*.  by  Shand,  Mason,  ft  Co.,  WW  ; 
Steam  Fire-engine,  by  Lee  ft  Larned,  322  ; 
10 -suits  of  the  Trial*,  3t*» ;  Improved 
Steam  Fire-engine,  by  Shand,  Mas*  n, 
ft  Co.;  the  Torrent  Steam  Fire-engine, 
by  Merryweether  ft  Sons  •  the  Annihi- 
lator,  with  Worthington's  Double-bai  rel 
Pump,  by  Beaton,  Amos,  ft  Soni,  4UU; 
Result*  of  Trial*  of  the  loregoing  Engines, 
at  Hodge*'  Distillery,  itu. 

Fisher  ft  Gibbon*,  Embroidery  Machine*  by, 
1H.  lift. 

Fiah-i.tnU  ft  Plate*,  35,  (S*t  Permanent 
Way.) 

Flachat,  oo  the  Heavy-gradient  Locoaotire* 
of  the  Northern  Railway  Company  of 
France,  20. 

Flaud,  Water-injector  by,  255, 

Flax,  Hemp,  and  Jute,  Machinery  for  Pre- 

tiaring  and  Spinning  s — Adaptability  of 
Ut,  Hemp,  and  Jute,  for  manr  pur- 
pose* ;  Statistic*  ;  Other  textile  Fihrr*, 
7 it;  Sandford  ft  Mallory'i  Fibre-extract- 
ing Machine,  and  Flax-ecutcbing  Ma- 
chine*, by  A.  Guild,  79,  7» ;  Flax- 
scutching  Machine*,  by  "John  Rowan  ft 
Son*;  by  Mertena;  Sandford  A  1U1- 
b>ry'*  Machine  for  breaking  Flax  and 
Hemp  Straw,  by  A.  Guild ;  Machine*  by 
Samuel  Laweou  ft  Son*,  IB;  Machine*  by 
J  a>ne*  Combe  ft  Son,  HQ :  Rope  and 
Spinning  Machine*,  by  P.  Fairbairn  ft 
Co.,  and  br  G.  1L  Sanborn,  SL 
Flax-dressing  Machines,  7JL    {Stt  Hackling 

Machinery.) 
Flax  anJ  Hemp  Straw,  Sandford  ft  Mallory's 

Marhine  for  breaking,  by  A.  Guild,  78. 
Fleet,  B.,  Impregnating  Apparatus  by,  278  ; 

li.  tiling  Apparatus  by,  2aL 
Flooring  Cramp,  by  Wm.  Bissdl,  221. 
Flour,  Machine*  for  working  in,  28*  :— Flour 
Machinery,  288;  Bread-making  Machine*, 
'M> :  Kneading  Machine*,  271 :  Bread- 
baking  Apparatus, 212 ;  Biscuit  Machinery, 
213;  Confectioner*'  Machine*,  213.  (•*>'<•♦ 

alto  ikfte  hfiult  rrtfifctirtly.) 

Flour-machinery  :— Flour-mill  and  Steam-en- 


gine, br  Whitmore  ft  Son*,  289  ;  Grinding- 
mills,  by  Need,  by  Buiaaon  ;  French  Burr 
Stone,  by  Brran  Corcoran  ft  Co.  t  Klour- 
dreasiug  Machine,  by  John  Hill;  Friction- 
coupling,  by  Mauxaixe,  24111. 

Fluting  Machine,  br  Wm.  Ryder,  196. 

Fly-press,  by  Pinch**  A  Co., 

Folding  Machinery  : — Folding  and  Stitching 
Machines,  for  printed  sheet*  of  paper,  by 
the  Maachinen  Bauanstalt,  2R1 -,  Packet- 
folding  Machine,  by  Derinck,  212. 

Fontaine  A  Brault,  Fontaine  Turbine  br,  2fll_ 

"  Forge*  et  Chan  tier*,"  Direct-acting  Screw- 
engine*  by,  Mft 

Forging*,  3SS;  Work*  h»  Cast-steel,  by 
Krupp,  :<"'» ;  Large  Crank-shaft,  br  the 
Mersey  Steel  and  Iron  Company  ;  Forg- 
ing*, by  Call  ft  Co.,  3flC 

Forging  Machine,  Ryder* *,  by  Joseph  Whit- 
worth  ft  Co.,  132;  by  Wm.  Rrder,  JJSL 
;  Forging-pre**,  Hydraulic,  by  J.  Hatwrll,  ISO, 
2"6.  210. 

Former  and  Tracer,  the  method  of  applica- 
tions of,  for  shaping  Object*  : — by  Green- 
wood ft  Batley,  for  shaping  Object*  in 
Iron,  130.  I  HO  :  for  shaping  Object*  hi 
Wood  31L  IB  I  Jordan'*  Patent  for  car- 
ring  in  Wood,  Stone,  or  Marble,  by  Cox 
ft  Son,  225  ;  Lathe  for  forming  Lasts  and 
Wheel-spoke*,  by  Dernier  ft  Arbey,  MW ; 
the  Cutter  and  Guide  for  Copying  Srulp- 
turea,  br  Kennan  ft  Son,  221 ;  and  by  K. 
Smith,  222. 

Forrest  ft  Barr,  Planing  and  Moulding  Ma- 
chine* by,  223;  Moreable-derrick  Crane 
by.  ±211, 

Forrester,  O.,  ft  Co. :  "  Triple-efTet"  Vacnnm- 
pan  Apparatus,  Vacuum-engine  by,  tKi. 

Fonquet  ft  Franz,  Circular  Knitting  Ma- 
chine* by,  HL 

Fox  Brother*,  Machine-tool*  by:— Screw- 
cntting  Lathe,  Planing  Machine,  Vertical 
Drilling  Machine,  ltt. 

Frame-drilling  Machine,  byBever,  Peaccck,  ft 
Co.,  130. 1ML 

Frestailius,  A.  W.,  Comp'-nnd-cyliBder  8team 
Engine  by,  for  the  Gunboat*  of  the  Swe- 
dish Nary,  3AS. 

Fret-rutting,*  Boring  and,  Machine,  by  J. 
Lewis, 

■  Frictions)  Oc*ring  Company,  Patent,  Two-ton 
Steam-*  inch  by,  Hfi,  i2":  Frictioual 
Gearing  by,  4IU. 

j  Frieako  ft  Uathercole,  How'*  Salinomcter  by, 

32SL 

'  Fringe-making  Machine,  by  Villain,  IHL 
Frodsham,  D.,  Coal-burning  Firebox  by,  4, 

t     a,  a- 

j  Fulling  Machine*  :— by  Ferrabee  ft  Co.,  116; 
by  Merrier,  113 ;  by  Honget  A  Teat  on,  1 1&. 
Furnace*,    Firrt>ar*  and  Smoke-consuming 
Apparatus  for,  SflD;  Smoke-consuming 
Apparatus,  and  Feed-water  Heater,  by 

D.  K.  Clark  ;  Smoke-consuming  Bars,  by 
J.  L.  Clark ;  Morable  Girder  Firebars, 
by  Colquhoun  ft  Thomson,  300;  Multitu- 
bular Firebridge  and  Heat-generator,  by 
R,  Harlow;  Moring  Argand  Firebars,  by 

E.  Murray  ft  Co. ;  Air-diffused  and 
smoke-consuming  Furnace,  by  W.  Strat- 
ford, 341 ;  Regenerative  Oaa  Furnace,  by 
C.  W.  ft  F.  Siemens,  £BL 


G. 

Gad*,  W„  ft  Son,  Screwing  Machine  by,  no. 
Gallagher,  J .,  Self-acting  Bottling  Machine  by, 
ML 

Galloway,  W.  ft  J.,  Galloway  Boiler  by,  323. 

Gans,  Disc-wheels  by,  32. 

Gargan  ft  Co.,  Forgings  br  Hydraulic  Pressure 
by,  32;  8elf.fe>rding  Apparatus  for  Boilers 
by,  3Ufi ;  Gaa-exhausting  Engine  by,  til. 

Oarrrtt  ft  Son,  Portable  Engine*  by,  .". 

Garsido,  H,,  Electrograph  Engraving  Machine 
by,  22i 

Gartner,  Theyaon,  ft  Ede,  Cork-cutting  Ma- 
chine by,  230. 

Gas-engine*,  -tno r — Oar -engine,  by  Lenoir; 
Ga*-engine,  by  C.  W.  Siemens;  Their 
A pplieabiliiT  for  Small  Powers;  M, 
Treeca't  Observations  on  Gas-engine*; 
Regenerative  Ga*  Furnace,  by  C.  W. 
Siemens,  \<K< :  Professor  Faraday  on  this 
Gas  Furnace,  408.  410. 

Gas  Furnaoe,  Regenerative,  by  C.  W.  ft  F. 
Siemens,  -108  ;  Professor  Faraday  on,  4L3L, 

C.as  Mains,  Upward's  Drilling  Apparatus  for, 
by  Bryan  Donkin  ft  Co.,  43". 

Gates'.  Level  Crossing,  ±1  (SVr  Railway  PUit, 
Fixed.) 


Gauges,  Cylindrical,  by  Joseph  Whitworth  t 

Co.,  lita. 

Geere*,  W.,  Horizontal  Saw-frame  br,  224. 
General  Joiner,  by  S.  Worse* m  ft  Oo_*U.TJfL 
Geometric  Chuck,  lbbelaon's,  by  Holt»a;.«- 

ft  Co.,  LlfiL 

Gerardin  ft  Watson,  Watson'*  Beer  engine 

bv,  4tlrL 

Oerish,  F.  W.,  PlaUen  Pre**  by,  112. 
Gibbon,  R.,  Combined,  Separating,  Prsawiaf. 

and  Malt-crashing  Machine  by,  «*4 ;  MaH 

Balance  by,  2&L 
GhTard's  Wster.injector,  PradeJ**  ModSlra. 

t  -  n  of,  12 ;  Notice  of,  1H  ;   Injector,  rr 

Sharp,  Stewart,  ft  Co.,  1*4;  by  Flan.!. 

Gins:— Indian  Cbnrka,  45_;  Ell  Wb.tner., 
tk;  Plait  ft  Rirhardson's  Gin* ;  Charts 
Gin,  and  Maearthy  Gin,  by  Plait  Brothers 
ft  Co.,  M,  flB;  Saw-gin,  by  Emery, 67, * . 
Remark*  on  Gins,  07,  mL 

Girders,  Hvdraulic-prea*  for  Testing,  lar 
Hayward  Tyler  ft  Co.,  3»4_i  by  T.  Wan- 
dell,  Alfi. 

Glasgow,  J.,  Screwing  Machine  by,  tft.V 
Glen  ft  Rosa,  Steam-hammers  by,  Jol . 
Gleuxer,  Cork-cutting  Machine  by,  23C 
Olouceater  Waggon  Company,  Open  Lt_i 

Waggon  by,  28. 
Glore-atitching  Machine,  by  Callehaut,  1S7. 
Godwin,  R.  A.,  Flood-pump  by, 
GofTering  Machine,  by  IT  Hughea, 
Gold,  Mode  of  Extracting,  from  Qnuartx.  2iL 
Gooch,  D.,  Coal-burning  Firebox  by,  oa  the 

Great  Western  Railway,  L 
Goodall,   IT,   Kneading   Machine   br,  871: 

Grinding  and  Levigating  Apparatus,  -  i' 
Gore,  John  C,  Belt-shrfter  by,  iSL 
Gouges,  Cylindrical,  by  tL  Worsaazn  ft  Co., 

ail 

Governors  for  Steam-engine* : — HiatorieaJ  a- 1 
Descriptive  Notice  of  Governors  ;  ttirver  s 
Balanced  Governor  ;  Miller'"  Mans* 
Governor,  by  J.  llaeire,  321;  Merrtoa s 
Marine  Governor,  by  M.  A.  Soul ;  Dyna- 
mometer, by  Tanriaa*  ;  Fly-wheel  Gover- 
nor, by  Albaret  ft  Co. ;  Two-ball  Govern*', 
with  crossed  arm*,  by  Farcot  ft  Bona,  322; 
Stationary  Governor,  and  Maris*  Gover- 
nor, by  C.  T.  Port*r.  313*  3ZA;  Rs-znarU 
on  the  Governors  exhibited,  374. 

0  rati  toff,  B.  A.,  Steam  and  Vacuum  Qtapt 
by,  SOL 

Orav '.V  Chanter,  Coal. burning  Firebox  bv, 

4,  fl- 
Ora  v  ft  Son,  J.  W.,  Spherical  Steam-eer-e 

"by.  314. 

Greaves,  C,  on  the  Pnmping-engine*  at  the 
Baat  London  Waterworks,  387. 

Green. -ugh,  J.,  Shoemaker* a  Stitch  si  ajas. 
Machine  by,  H>s- 

Oreenwood  ft  'Batley,  Machines  for  Worttng 
in  Iron  by: — Machine*  fur  Strai«ht  M£- 
ing,  Profil*  Milling,  R  fling,  ISO.  lt«; 
Moulding-table  for  Shells  ;  Machine*  for 
making  Percussion-caps,  LH1 :  BkM*-e<g- 
ging  Machine,  181.  223  ;  Fike-cutuc^. 
Wire- testing,  lfll ;  Steel  and  Iron  Teataa; 
Mschine,  1M. 

Wood-working  Machine*  br : —  Lark- 
bedding  Machine,  Blanshard  Lathe,  Bi ; 
Kinder**  Shaping  Machine,  Band -as,'. 
Machine  for  Cutting  or  Jointing  Barrel- 
staves,  223 ;  Mortising  Machine.  22X 

Gresaler  ft  Co.,  Impregnating  Apparatus  bv, 
27JL 

Grew,  JT.,  Ice  Locomotive  by,  17. 

Grimaldi,  F  ,  Rotary  Boiker'by.  SU- 

G rinding  and  Levigating  Apparatus,  br  EL 

Goodall.  242. 
Grinding  Machine  for  Catling  Tool*,  fcy 

Thome*  Robinson  ft  P.m«.  22L. 
Grindstone*,  Double,  by  Wax.  Mnir  ft  C*. 

L52. 

Griaaell,  Hj  on  A  (lamas  Bearintrs,  4"7. 

G rover  ft  Baker's  Sewing  Machine,  118^  IX. 

law.  117. 

C.nrnn,  Self-acting  Brake  by,  Xi. 
Guinnesa  ft  Co.,  Sewing  Machines  br,  121 . 
Gustafaon,  Nail-making  Marhine  by,  2SL 
Gwynne's  Pump  in  1861,  376. 
Gwynne  ft  Co.,  Centrifugal  Steam  Pump  Vr, 
378;  Self-acting  Lubricator  by,  433.  424. 

H. 

Haas.  Type -casting  Machine  by,  236. 
Hackling  Machines,  by  S.  Lawaon  ft  Sees,  >; 

Long-line  Hackling  Machine,  by  J .  C.-e.!e 

ft  Son,  80. 

Hackwurth,  John,  Dynamic  Valve-rear  ly. 
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llaigh'a  Mortising  snd  Boring  Machine,  by 

Wb.  Bissell,  -J  >, 
Ilmnd  Presses,  by  O.  Jsrrett.  ilL 
Hands,  Horixontal  Steam  Engine  by, 
Handsbrow,  T.,  California  Hand  Pump  by, 

Handysid*  A  Co.,  P.  R.  Hodge's  Hop-sepa- 
rator and  Hop-press  by,  laL. 

llifj'wei,  W.,  Washing  Machine  l>y,  US. 
422. 

Harl-.w,  B.,  Multitubular  Firebridge  and 
Heat- genera  tor  by,  861. 

Harrild  &  Bona,  Kawspspar-addrrs. ing  Mi- 
chine  br,  21L 

Harrison,  C.  W_  Electro-magnetic  Printing- 
Pree*  by,  213. 

Haihaon,  Joseph,  Ca«t-iron  Boiler  br,  8*4. 

Harrison,  J.,  A  Bona,  Wearing  Machinery 
by :—  Machine*  for  Winding,  Warping, 
and  Rising,  83,  83.  j  Calico  and  Linen 
Looms,  lii. 

Harrison  A  Camm,  Coal-waggon  by,  tS. 

Hart,  D.,  Weighing  Crane  by,  4£u- 

1 1  art  man  n,  Locomotive  br,  sal ;  Machine- 
tool*  br : — Lathe,  and  Machine*  Tor  (Hot- 
ting, Nut-cutting,  Radial-drilling,  Blot- 
drilling,  2i>4 ;  Horixontal  Condeusiog  Eu- 
gine  by,  Ust 

Ilsrvey,  G.  ft  A.,  Machine-tools  br  :— Lathe, 
Shaping  Machina,  Planing  Machine,  hu- 
dial  Drill,  H'8. 

ITar>ey  A  Co.,  Cornish  Pumping  Engine  by, 
3'wJ  t  Husband's  Safety  Balance-valve  by, 

II  as  well,  John,  "Duplex"  Locomotive  de- 
signed by,  11;  Hydraulic  Forging  Press 
by.  13i>,  XtsS.xlO. 

Hsttersley7G"77A  Son,  Looms  by  i— fix-shuttle 
Loom,  lot) ;  Jacquard  Loom,  luff. 

I  lesld-knitting  Machines  :—  By  Cook  A  Hack- 

ing, U&j  by  O.  Ward,  lit- 

t '  esp  »  Pipe- cutter,  *<t 

Heating  Surface,  comparative  ralae  of  in  the 
Firebox  ana  the  Flos- tubes  of  Loco- 
motives,  lOj  Remark*  upon  Tube-heat  nag 
Surface,  30  :  Erroneous  Views  as  to  Tube- 
heating  Surface,  *&. 

TTeckmann,  Vacuum-pan  by,  JffiL 

lleinke,  Diring  Apparatus  by,  -t-'-S 

Hemp,  7JL   (As*  flax.  Hemp,  and  Jute.) 

Henderson  A  Co.,  Carpet-loom  by,  t  in 

llermaun-Lschapellc  A  Glover,  Gas- generator 
by,  278;  Impregnating  Apparatus  by,  221L. 

Ilerx,  ""Economical  Locomotive  "  by,  XL 

Uetberington,  John,  A  Sons,  Cotton- preparing 
and  Spinning  Machine*  by  i— Smgle-heater 
Scutching  -  maohina,  (g,  HW  :  Carding  - 
engine*,  60,  ZQ ;  Rivet t's  Cerding-engine, 
61;  Hetherington'e  Sell-stripping  Caroiug- 
engine,  Comning-machine,  4&,  111 ;  Draw- 
ing-frame, blubbing-rraiue,  Moving- frame, 
Throstle- frame,  Hethenngton  A  Robert- 
son's Self-acting  Mnle,  &L 

Machine-tools  by  i  —  Self-acting  Slide 
and  Screw-cutting  Lathe,  152 :  Slotting- 
machine,  Self-acting  Radial  Drilling- 
machine,  1M 

Hick,  B.,  A  Son,  Horixontal  8  team-en  g:n*  by, 
304  ;  Doable-flue  Boilers  by,  employed  at 
the  Western  Annex,  321 ;  Hick'*  Self- 
lubrioating  Pedestal  by,  421. 

Uiggin*  A  Bona,  William,  Cotton-Preparing 
and  Spinning  Machine*  by  :  —  Carding- 
rnginea,  Bt,  70 :  Sluobing-frames,  Ko ring- 
frames,      HI ;  Throstle-frame,  fitL 

Hill,  John,  Flour-dressing  Machine  bv,  2H1I- 

Uill,  Pearson,  Post-office  Stamping  Machine 
by,  21L 

Hodges'  Distillery,  Trials  of  Steam  Flra* 

engines  at,  by  Lieutenant  Becker,  -inet. 
"Hodges'    Testimonial  "    Eire  -  engine,  by 

Merry  west  hi-r  A  Son. 
Hodgson,  George,  Looms  by : — Plain  Orleans, 

Alpaca,  Check,  Twilling   Looms,  lQn; 

Oddpick  Loom,  10H 

II  oi, tmg  Tackle.     (See  Crane*  and  other 

Hoisting  Tackle.) 

Hollow  or  Boi-castiugt,  Employment  of,  1 
317.  llH.  8M. 

Holmes,  F.  IL,  Magneto-electric  Machine  for 
Producing  Light  br,  isri.  ztflL 

UultsaptTel  A  Co.,  Tools  bv  —Plain  Foot- 
lathe,  with  Slide-rest,  lad  •  Self-acting 
Foot-lathe,  Shde- lathe  for  Amateurs,  itU : 
Screw- mandril  Foot-lathe,  Screw-mandril 
Foot-lathe  for  Ornamental  Turning,  185: 
Eccentric  Cutting-frame,  lSrl  :  Elliptical 
Ciitling-trame,  182;  Rose  Cutting-frame, 
188i  lbbetson's  (Geometric  Chuck,  1M  t 
Circular  Saw,  Lapidary  Apparatus,  Por- 
table Smith's  Press-drill,  Measuring  In- 
struments,  Mathematical  Instruments, 


190i  Curves  and  Scales,  191 1  Printing 
Presses,  Miscellaneous,  1  lii. 

Horosby  A  Bona.  Portable  Engines  by,  IW  ; 
Semi-portable  Engine  by,  338 ;  Washing- 
machines  by,  4x7.  428. 

Horsehair  Curling-machine,  by  Nightingale 
A  Co.,  286. 

Horseshoe  Nail-making  Mschine,  211L 

Hosiery  Machinery,  br  Maclea  A  March,  75. 

Uouget  A  Tea  ton.  Wool  Machinery  by  i— 
Burring -machine,  22.;  Carding -engine, 
74:  Double-doffer  Condenser,  ZAi  Woollen 
LiKim  by,  1 H  :  Fulling-macbine  by,  118  : 
Shearing-machine  bv,  I  HI. 

Howe.  Klias,  Sewing-machine  by,  11*.  110. 
LiL 

Howe  Sewing-machine  Company,  Sewing- 
machines  by,  LUl 
Howorth,   James,    Revolving  Archimedian 

Screw  Ventilators  by,  -til 
Hubert,       Force-pumps  by,  SifcL 
Hudswrll  A  Clark,  Steam-hammer  by,  lflSL 
Hughes,  ITj  Cbaiu-goffering  Machine  by,  133. 
Hughes's  Taps,  3ol. 

HuW.  J.  8..  Machine-tools  by: — Screw. cutting 
and  Sliding  Lathe,  Single-speed  Lathe; 
Planing  •  machines,  111;  Machines  for 
Shaping,  Bench-slotting,  Vertical  Drilling, 
Kadia]  Drilling  and  Boring,  Punching  and 
Shearing,  lib1  ;  Steam-hammer,  I  t'i 

Humphrys A  Tennsnt,  Msrine  Engines  by,  itl : 
— Horixontal  Direct-acting  Screw-engines 
for  H  M  H  Xartk  Star,  543  :  Direct-sc«  ing 
Compound  or  Double-cylinder  Inverted 
Engines,  forth*  Uoollan,  1U  .  Particulars 
of  Performance  of  Steamship*  of  the 
Peninsular  and  Oriental  Steam  N avigstion 
Company,  3J4. 

Hunt,  Vv  .,  Sewing-machine  by,  lift, 

Hunt  A  Co.,  Devil- wheel  Cutting-machine  by, 

m 

Hunt  A  Roskell,  Diamond-cutting  Machines 

by.2HL 

nurry,  1L  C,  Electro-magnetic  Engine  by, 
tit 

Husband's  Safety  Balance- valve,  by  Harvey 

A  Co., 

Huxhams  A  Brown,  Hydraulic  Lift  by,  41L 
Hydraulio  Machinery  : —  Introduction,  315  ; 
State  of  Hydraulic  Science  in  IS61 ;  Effi- 
ciency of  Crntnlug»l  Pump*  in  1861, 
tested  by  the  J  ury ;  Report  on  Centrifugal 
Pumps  by  the  Author  to  the  Admiralty 
in  lNttj  ;  bis  Views  corroborated  by  those 
of  M.  Treses,  Member  of  the  Jury  on 
"  Machinery  in  General;"  Use*  of  the 
Centrifugal  Pump  and  the  Chain-pump, 
378  :  Centrifugal  Pumps,  3~tl ;  Recipro- 
cating Pumps,  883:  Chain-pumps,  $W  ; 
Turbines,  32Q;  Water-pressure  Engines 
and  Hyaraulio  Rama,  3m ;  Hydraulic 
Presses,  394;  Fire-engines,  ayti ;  Water- 
Meters,  Ail;  Beer-engines,  4c,  4UB: 
Stop- valve*  and  Cocks,  AQZ. 
Hydraulic  Cranes  and  Capstan*,  by  Sir  W.  G. 

Armstrong  A  Co.,  IM 
Hydraulic  Jacks,  418, 430.   (5m  Cranes  and 

other  Hoisting  Tackle  ) 
Hydraulic  Lift,  by  Huxbams  A  Brown,  42L 
Hydraulic  Presses,  3K4  :  Hydraulic  Press  for 
Bookbinders,  l>y  Tangye  Brothers  A  Price, 
l!io :  Steam  Hydraulic  Pumps,  and  Ily- 
draubc  Press,  by  Peel,  Williams,  A  Peel, 
atU;  Blundell's  Hydraulic  Presets  and 
Pumps,  by  Martin  Samuelson  A  Co.,  ; 
Double-acting  Steam  Hrdrantic  Pumps, 
by  F.  O.  Ward  ;  Hydfatuio  Pumps,  and 
Stop  and  Let-off  Cocks,  by  E.  T.  Bell- 
house  A  Co. ;  Hydraulic  Presses  for  ex- 

Srresing  Tincture*  and  Testing  Iron  Gir- 
ers,  by  Havward  Tyler  A  Co.,  3214; 
System  of  Working  Hydraulic  Presses, 
under  continuous  Pressure,  by  Lecoiute, 
Situ  ;  Hydraulio  Presses  for  Tasting  Wire, 
and  for  Testing  Girders,  by  T.  Worsdrll, 
LUL 

Hydraulic  Ram,  by  Bollce  A  Son,  31LL 
Hydrometer,  for  Distilleries,  by  Sacrc,  406. 

L 

lex  Locomotive,  br  N.  Grew,  IT. 

Ice-making,  Freesing,  and  Cooling  Machines : 
— Principle  of  Artificial  Ioe-making ;  Ice- 
making  Machine,  by  D.  Siebe  A  Co. ; 
Cooling  Apparatus,  by  Carre  A  Co. ;  Ice- 
makiag  Machines  available  for  Cooling, 
221 1  Ash's  Piston  Freexing  Machine  and 
Wine-cooler,  by  G. Simpson, Z7JL 

Imperial  Irou  Tube  Company,  Iron,  Bras*,  and 
Copper  Tube*  by  ;  Hughe*'  Taps  by,  JttL 

Irurav,  John,  Steam-hammers  by,       ;  Hori- 


xontal and  Vertical  Steam  Engine*  by, 

',•>. 

Indicstor  for  R team-engines : — Richards'  In- 
dicator, by  C.  T.  Porter,  atU  ;  M' Naught's 
Indicator,  3nH ;  Gooch'*  Indicator,  3tfiL 
Indicator,  Distance,  by  J.  Adcock,  42&- 
Ingbs,  A.  A  J .,  Direct-action  Screw  Engines 
by,  SAL 

Intermediate  Frames,  Cotton.  (S*t  Blubbing 
Frames.) 

Iron,  Wooo,  and  other  Materials,  Manu- 
facturing Machines  and  Tools  for  Working 
in  :— In  Iron,  12a ;  in  Wood,  All  t  for 
Sculpture,  Engraving,  Cork -cutting.  Coin- 
ing, 227;  in  Paper,  231)  in  8to-e  and 
Clay,  247;  in  Sugar  and  Oil,  lt>7  ;  in 
Flour,  agf;  in  Water  and  Brewing,  221; 
Bundry  Processes,  2*iL 

Iron,  Machina  Tools,  An.,  for  Working  in, 
Ug|  the  Labours  of  Mr.  Whit  worth  ;  the 
scraped  Plan*  Surface,  the  Power  of 
Measurement,  1x8;  the  uniform  System 
of  Screw  Threads,  the  Lathe,  the  Planing 
Machine,  the  Universal  Planing  or  Shap- 
ing Machine.  Hollow  Castings,  V!Sl;  Slot- 
drilling  Machines,  Frame-drilling  Ma- 
chine, Circular  Cutters,  Screwing  and 
other  Machinery,  130:  Tools  by  Joseph 
Whitwonh  A  Co.,  131 ;  Tools  by  Sharp, 
Stewart,  A  Co.,  I3»:  Tools  by  Bryrr, 
Peacock,  A  Co  ,  LEI;  Tools  by  J.  rL  Hulae, 
147  ;  Tools  by  Muir  A  Co.,  LiL>:  Tools  br 
John  Hethenngton  A  Sons,  1£2;  Tool* 
by  Smith  A  Coventry,  1&4;  Tool*  by  C. 
De  Bergue  A  Co.,  157  ;  Tools  by  James 
Nasmyth  A  Co.,  ■  Tools  by  P.  Fair- 
bairn  A  Co.,  Hip;  Tools  by  Shepherd,  Hill, 
A  Co.,  1Z&1  Tools  br  Smith,  Baaoock,  A 
lanu.lt,  LLti:  TikiU  l.v  Maciea  A  March, 
179 :  Tools  by  Joshua  Buchton  A  Co., 
17i)  I  Tools  by  Greenwood  A  Bailey,  lHU ; 
Tools  br  Fox  Brothers,  ltg  -.  Tools  by 
Holtxapffel  A  Co.,  183 1  Tools  by  A. 
Bhsnks  A  Co.,  UK1 ;  Sundry  Tools,  103 ; 
Steam-hammers,  198 ;  Metal  Rolls,  Ac, 
.■  ■  ■;  ;  Foreign  Tools,  101 ;  Conclusions, 
at!fl.   (.W  aito  flrse  IsWs  rt*p*ct\t*i]  \ 

Iron,  Machine  Tools.  Ac.  Foreign,  for  Working 
in  : — Shaping  Machine  and  Vertical  Drill, 
by  Madame  De  Coster ;  Planing  Macbiu* 
by  Varrall,  Kl w ell,  A  Poulot ;  Compound 
Planing  and  Shaping  Mschine,  by  J.  A  C. 
tL  Bolimler,2l!4  ;  l-athe,  and  Machine*  for 
Blotting,  N  ut-cutting,  Radial -drilling,  Slot- 
drilling,  by  R.  Hartmann,  X& ;  Tools  by 
M.  Zimmermann,  comprising  Nut-cutting 
Machines  and  a  Tube-cutting  Machine ; 
Tube-cutting  Machine  by  Sondermann  A 
Stier, 

lion.  Machine  Tools,  Ac,  for  Working  in,  Con- 
elusions  on,  got!:  as  to  Lathes,  'HH;  Double 
Face-plate  Lathe*,  Planing  Machines,  au7; 
Shaping  Machine*,  Slotting  Machines, 
atfel  -,  Vertical  Dnliiug  and  Boring.  Kadis), 
drilling,  Traversing  or  Slot-drilling  Ma- 
chines, Circular  Cutters,  2SSt;  Screwing 
Machines  ;  Steam-hammers ;  Punching, 
Shearing,  and  Biveting  Machines,  2UL 

8 team-hammers  by  Karcot  A  Son ,  Varrsll, 
Rlwell,  A  Poulot  (Nsylor'a);  Schmerber 
Brothers;  Rothschild  Brothers;  Hydraulic 
Forging  Press  by  Hsswell ;  Steam-hammer 
br  Schsrartskop'f,  JJtts 

Iscs  Foundrr  Company,  Ssrilchas  and  Cross- 
ing*  by,  9S> 

J. 

Jicis.  '-^4.  lid,  420.  (See  Crsne*  and  other 
Hoisting  Tackle.) 

Jackson  A  Graham,  Carpet  Loom  by,  list, 

Jac<|uard  Looms.    (Are  Looms,  Jacquard.) 

J  arret  t,  ti..  Hand-presses  b«,  lAx, 

Jenkins,  W.,  Coal-burning  Firebox  by,  L  Tj. 

Johnson  A  Atkinson,  Type-casting  and  F mull- 
ing Apparatus,  23fi- 

Jones,  Mrs.  D.,  Miniature  Albion  Printing- 
press  by,  -  kl. 

Jophng's  Water-meter,  by  Thomas  LaniWrt 
A  Son,  4i&. 

Jordan's  Machine  for  Carving  in  Wood,  by 

Cox  A  Son,  ''*■*  *» 
Joy'*  Steam-hammer,  by  Carrett,  Marshall,  A 

Co..  2»L  tllL 
Joy's  llvdraulic  Organ-blower,  by  Carrelt, 

Marshall.  A  Co.,  .ml. 
Jute,  20,   {8*4  Flax,  Hemp,  and  Jute.) 


Kgroitt  A 
by,  L*L 


Gxst,  Tube-cutting  Machines 
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Kennan  A  Sons,  Machine  for  Copying  Sculp- 
ture* by.  222. 
Ke  nnedy's  Water-meter,  id. 
Kerr.  J.  &  Co.,  Five-roller  Calender  br,  lift, 
Kershaw,  J.  ft  J.,  Double  Stud-lathe  by ; 

Universal  Shaping  Machine  by,  1«* 
Kind.-r  s  Shaping  Machine,  by  Greenwood  ft 

Bailer,  SB» 
King,  C.  B  ,  Traction  Engine  by,  330. 
Kirchwrger.  the  "  Steieruorf  "  Tank-locomo- 

tive  designed  by,  22. 
Kirkeldr,  1).,  Drawing*  of  the  Marine  Engine* 

of  (he  Ptrria  by,  *M 
Kirk  Mall  Forge  Company,  Keytar**  Steam- 

hammer  by,  19*.  210. 
Kitchin.  H.,  Hind's  Engine  Weighing  Machine 

by.  42;  Hind  i  Weighing  Crab  by,  H, 
Kneading  Machine*  :— The  Process  of  Knead  - 

ing  Dough ;  Kneading  Machine*  by  E. 

Stevens,  221 ;  by  Vicar*  ft  Co.,  by  H 

Goodall;    Holland'*  Kneading  Machine, 

by  Lesobre;  Machine*  by  Roland,  by 

Drouol,  2X2, 
Knitting  Machine,  Circular,  by  Fouquet  ft 

Fran*,  LLL 
Knnweldeu  ft  Co.,    Three-cvlinder  Trunk 

Engine*  by,  34U;  Knowelden  ft  Edward'* 

Diaphragm  Pump  by,  3*5. 
Koh-i-noor,  (be,  212. 

Kottlin  ft  Battig,  Kail  with  conlinous  bear. 

ing  by,  32, 
Kronig,  Sugar  Moulds  by,  '-W- 
Krui>p,  Ca*t-*teel  Wheel*  and  Tyres  by,  32  ; 

Works  ia  Cast-steel  by,  :<.'.». 


I. 

1.4i hp  Brothers,  Direct-action  Screw  Engine* 
by,  34L. 

Lambert,  T.  ft  Son,  Jopling's  Water-meter 

br,  406.401)  :  Stop- valve  with  india-rubber 

Disc  by,  JUL. 
Lamp,  Submarine,  by  Cabirol,  i 
Landtsheer,    Horizontal    Compound  Steam 

Engine  bv,  "i 1 7. 
LaneuviUe.  Braid-making  Machine  by,  1  Hi 
Lanadale.  R„  Washing  Machine  by.  428,  428. 
Lapidary  Apparatus  by  Holtxapffel  X  Co.,  ltm. 
Laroche  ft  Co.,  Paper-making  Machinery  by, 

234.  £15. 

Larue  ft  Co.,  Hollow  Cast  iron  Wheel*  by,  32, 

Lasts  and  WheeUpoke*,  Lathe  for  forming,  by 
Bernier  ft  Arbey,  22JL 

Lathe*:— The  Lathe.  lSHj  Self  acting  Foot- 
lathe,  Self  acting  Lalhe.Self.  acting  Break- 
lathe,  Railway,  a  heel  Turning- lathe,  by 
Joseph  Whitworlh  ft  Co.,  131,  131; 
Double  Faceplate  Lathe,  by  Sharp,  Stew- 
art, ft  Co.,  LSI  i  Double  Faceplate  Lathe, 
by  Beyer,  Peacock,  ft  Co.,  148 :  Screw- 
cutting  and  Sliding  Lathe,  Single-speed 
Lathe,  by  J.  S.  Halse,  147;  Self  acting 
Foot-lathe,  Self-acting  Slide  and  Screw, 
cutting  Lathe,  by  Wm.  Muir  ft  Co.,  150; 
self-acting  Slide  and  Screw-cutting  Lathe, 
by  John  Hetherington  A  Son*,  142;  Screw- 
cutting,  Chaaing,  and  81id«  Lathe,  by 
Smith  ft  Coventry,  l.">  t ;  Self-acting  Slide 
Break -lathe,  Slide  and  Screw. cutting 
Lathe,  Double  Stud-lathe,  by  P.  Fairbairn 
ft  Co.,  1*6.  1M7 ;  Self-acting  Slide  and 
Screw-cTrrdng- Lathe,  Self-acting  Break- 
lathe,  by  Shepherd,  Hill,  A  Co.,  175.  17H. 
liH ;  Self -acting  Slide  Lathe  with  Template- 
motion,  Self-acting  SlideandScrew.cutting 
and  Colter-turning  Lathe,  Buffer-lathe, 
br  Smith,  Beacock,  ft  Tannett,  178. 117.; 
Slid'-lathe,  Double  FaceplateWheel-lathe, 
by  Maclea  ft  March,  1111;  Self-acting 
Sliding  and  Screw-cutting  Lathe,  by 
Joshua  Buchton  A  Co.,  179;  Screw -cutting 
Lathe,  by  Fox  Brothers,  143;  Foot  and 
Slide  Lathe*  and  Screw-mandril  Lathe*, 
by  HolUapffel  A  Co.,  1M3,  HI,  1*6 : 
Double  Stud- lathe,  by  J.  A  J.  Kerthaw, 
lH3_j  Lathe,  by  li.  Hartmann,  204:  Con- 
clusions as  to  Lathe*,  3W.  VtL  ~ 

Lathes  for  forming  Article*  in  Wood : — Blan-  , 
■hard  Lathe,  by  Greenwood  A  Batley, 
221 ;  Lathe  for  forming  Lasts  and  Wheel- 
spoke*,  br  Bernier  A  Arbey.  225. 

Lauhereau'i  Hot-air  Engine,  by  Schwartz-  I 
kopf,  iOL 

Laurens  A  Thomas,  noritontal  Condensing  1 
Engine  by,  31ft ;  Multitubular  Boiler  by, 
Hi  ;  Semi-portable  Engine  br,  3.1'i. 

Lawrence,  J.,  Refrigerator  and  Mash- tun  by, 
2S3. 

Law s< in  A  Son«,  S  .  Flax  Machine*  by :— Flax- 
dressing  «r  Hackling  Machine ;  Carding 
Engine,  Grimstonc'a  Balling  Machine, 


Self-acting  Tarn  Reel,  Spreader,  JO; 
Spinning-frame,  HQ. 
Lead-penciU,  Process  of  Making,  by  Cohen, 
2Sli. 

Leather,  Machine*  for  Workingin : — Machine* 
for  Striking  and  Scraping  Leather  Hide*, 
and  for  Rolling  Leather,  by  Htothert  A 
Pitt  ;  Machine*  for  Leather-splitting, 
Sole-cutting,  and  Heel-trimming,  by  Rich- 
ard* ;  Grindstone  for  Thinning  Leather, 
br  Chouillon  A  Jaeger;  Shoe. pegging 
Machine,  by  Lemercier,  222:  Elastic  Ro- 
tary Cieaner  and  Polisher,  by  Topham ; 
Bout  and  Shoe  Cleaning  Machine,  by 
Kawlings,  2U3. 

Lecointe,  System  of  Working  Hydraulic 
Prease*.  394, 

Lecouteux,  Horizontal  Condensing  Engine  by, 
31«. 

Lee,  Wellington,  Worthington'*  Duplex  Pump 

by,  ana,  arm. 
Lee  ft  learned,  Steam  Fire-engine  by,  323. 
I.ee*  A  Jacques,  Coal-burning  Firebox  by,  4, 2. 
Legal,  Vacuum-pan  by,  tm. 
Leigh,  Kvan,  Top-roller*  br,  7SL 
Letnielle,  Ventilating-fan  br,  413. 
Lemercier,  Shoe-pegging  Machine  by,  292. 
Lenoir,  Gas-engine  by,  K'H. 
Leonhardt,  Machine  for  Catting  Bullet*  by, 

■j'.ii 

Leoni,  8.,  A  dam  as  Tap*  by,  +i>7. 

Lesobre,  Holland's  Kneading  Machine  by, 

222  ;  Holland'*  Revolving  Oven  by,  Ki. 
Lethuillier-Pinel,  Magnetic  Water-gauge*  by, 

■  I'.y 

Lewis,  J.,  Boring  and  Fret-catting  Machine 
by,  225. 

Light,  Machine*  for  the  Production  of.  {Stt 

Magnelo-electrio  Machine*.) 
Lilleshall  Company,  Bla*t  Engine*  by,  30H. 
Lithographic  Prease*,  212. 
Little,  C„  BafetT-coupling  by,  33. 
Lloyd,  George.  Noiseless  Disc-fan  by,  411. 
Lloyd  ft  Lloyd,  Iron  Tube*  and  Fittings  by, 

■Ml. 

Lloyds,  Foster,  ft  Co.,  Ward'*  Railway  Turn- 
table by,  ML 

Lock -bedding  Machine,  by  Greenwood  ft  Bat- 
ley,  22L. 

Lockett,  Sons,  ft  Leake,  Double-bar  Panto- 
graph Engraving  Machine*  by,  223. 
Locomotive*,  Historical  Sketch,  JL  Classifica- 
tion of  the  Locomotive*  exhibited  : — The 
phytic*!  Conditions  of  the  complete  Com- 
bustion of  Coal  •  Combustion  in  the  ordi- 
tisrr  Firebox,  2.  Coal -burning  Boilers; 
—by  M'ConneU,  br  Beattie,  by  Cud- 
worth,  3,  Adaptation*  of  the  ordinary 
Firebox  for  burning  Coal  s— by  Gray  A 
Chanter,  by  Dewrance,  by  Dubs  ft  Doug- 
hs, by  Evans  ft  Dubs,  by  Yarrow,  by  i 
Jenkins,  by  D.  K.  Clark,  by  Gooch,  oa 
the  Great  Western  Railway,  j_.  by  Wilson, 
by  Raraabotlotn,  by  Douglas,  by  Lees  ft 
Jacques,  by  Frodsham,  4;  Steam-blast  in 
the  Chimney,  4 ;  Comparison  of  the  va- 
rials*.  System*  of  Coal-burning  in  Loco- 
motive*, o  :  Perfnrmancea  of  Coal-burn- 
ing Locomotive  Engine*,  8_;  Proportion 
of  air  necessary  for  consuming  smoke ; 
Coal-burning  on  the  Midland  Railway,  8l 
Feedwater-beatersi— Beattie's,  Clark's,  iL 
Table  of  Particulars  of  the  Locomotive 
Engine*  exhibited,  10_;  No.  373.  London 
and  North- Western  Railway.  "Lady  of 
the  Lake."  10,  U ;  Ramsbottom's  Self- 
feeding  Tender,  12  ;  ••  Don  Luis,"  by 
Beyer,  Peacock,  ft  Co,  13j  Express  En- 
gine, br  Neilson  A  Co.,  13:  "  Man- 
chester," by  Sharp,  Stewart,  ft  Co.,  Goods 
Engine,  by  William  Fairbairn  ft  Sons,  14 : 
Mixed  Engine,  by  Sir  W.  O.  Armstrong 
ft  Co.,  Mixed  Engine,  by  R.  Sinclair,  lft; 
Tank  Engine,  by  G.  England  ft  Co.,  Tank 
Engine,  bv  Manning,  Wardle,  ft  Co.,  16; 
Tank  Engine,  by  the  Neath  Abbey  Iron 
Company,  10 ;  Straight-link  Motion,  by 
Allan,  Pressure-gauge,  by  Allan,  16 ;  Ice- 
Locomotive,  by  Ha  Grew,  17. 

Passenger  and  Goods  Engines,  br  the 
Orleans  Railway  Company,  12 ;  Goods 
Engine,  by  J.  F.  Cail  A  Co.,  and  Parent, 
Bchaken,  Caillet,  ft  Co.,  Hi;  Heavy, 
gradient  Engine*,  by  the  Northern  Rail- 
way Company  of  France,  Hi ;  Goods  En- 
gine, by  Polouceau,  24;  Articulated  Tank- 
engine,  by  J.  J.  ft  A.  Meyer,  24Ll  Goods 
Engine,  by  the"Soci<1t<{  Anonyme,"  Couil. 
let,  2J_;  "  Duplex "  Fatsrnger  Engine, 
and  the  "Steierdorf"  Tank -engine,  by 
the  State*  Railway  Company,  2L  3Jj 
Tank-cngine,  by  Hers,  22;  Mixed  Engine, 


by  Borsig,  22;  Mixed  Engine,  by  Hart- 
mann, 23 ;  Good*  Engine,  by  the  Pietrarsa 
Royal  Work*,  23;  Tract  ion-carriacr,  br 
Agudio,  23. 

Comparison  of  English  and  Foreigs 
Locomotive  Engine*,  Requirement*  oft*, 
glish  Railway*.  24 ;  Engines  of  the  North- 
ern Railway  of  France,  the  "  Steierdorf,  * 
Mayer'*  Articulated  System.  24;  Erro- 
neous Views  as  to  Heating  Surface,  9: 
Firebox**  for  burning  Coal  and  Cos! 
alack.  Mode  of  placing  the  Machuiery  oa 
the  Frames,  Giffard's  Injector,  24L 

London  and  North  Western  Railway  Cusa- 
pany.  Locomotives  by,  10.  1 1. 

Loom*.  Calico,  Ok  (See  Weaving;  Macat- 
nerr.) 

Loom,  Electrical,  br  Bonelli,  ill. 

Looms,  Foreign. — French  Looms,  br  Merri'r, 
by  Durand  ft  Pradel,  by  Race*,  by  Bra- 
neaux,  by  Mouline,  by  Bertbelot.  by  Tan- 
bouis  ft  Co.,  by  Fouquet  ft  Fraox.  be 
Baudouin  Brother*  ft  Jouaanin,  111 ;  Bel- 
gian Loom*,  by  Houget  ft  Testoo  ;  Aas- 
than  Looms,  by  Schramm ;  Swiss)  Lonsas, 
by  Wahl  ft  Socin  ;  Italian  Looms,  ti» 
Virenxi,  by  Bonelli  (electric).  112  ;  Ame- 
ricaa  Loom  for  Tufted  Fabric*,  by  Smith, 
114, 

Looms,  Jacquard  : — Historical  Account  of, 
1UW ;  Fancy  Loom,  with  Dobby  or  deou- 
Jacquard  Erame,  by  Wm.  Dickinson  1 
Sons,  ua :  Heavy  Fustian  Loom,  1&; 
Tapestry  Carpet  Loom,  by  Tuer  ft  Hal. 
121;  Woollen  Loom,  with  demi-Jaequari 
Frame,  and  Damask  Loom,  «■ 
double-lift  Jacquard,  by  Wm.  Smith  k 
Brothers,  hll  :  Jacquard  Loom,  by  U. 
Hattersley  ft  Bon,  1QZ ;  Jacquard  Carpet 
Looms,  by  Jackson  ft  Graham,  and  try 
Henderson  ft  Co.,  110 :  Jacquard  Loon, 
by  Durand  ft  Pradel,  111  ;  Jacqaard 
Woollen  Loom,  by  Bacot,  111 ;  Jacqoai* 
Woollen  Loom,  by  Bruneanx,  111  :  Jar- 
quard  Loom,  by  Schramm,  112 :  Jacquar* 
Ribbon  Loom,  by  Wahl  ft  Sosnn,  111 ; 
Jacquard  Machine,  by  Vincenxi,  112. 

Loom,  Net,  by  Baudouin  Brothers  ft  Jouaa- 
nin, ill- 

Loom,  Silk  Velvet,  by  J.  ft  B.  RoUnsoa  A 
Co.,  113. 

Looms,  Sailcloth,  Jute,  and  Linen,  by  C. 
Parker  ft  Sons,  IIP;  Lines  Loom  by  J. 
Harrison  ft  Sons,  i»t. 

Looms,  Stocking  :— Looms  by  Berthelot,  11! : 
Loom  by  Tailbouia  ft  Co.,  111. 

Looms,  Woollen. — Tapestry  Loom  br  Tasr 
ft  nail,  101 ;  Woollen  Loom  and  Ha* 
Woollen  Loom,  by  W.  Smith  ft  Hr\xher>. 
102:  Carpet  Loom,  by  Jackson  ft  Gra- 
ham, iSSL:  Carpet  Loom,  by  Header-  i 
ft  Co.,  UU:  Woollen  Looms,  by  Merrier. 
Ill :  Woollen  Loom,  by  Bacot,  111 . 
Woollen  Loom,  by  Bruneaux.  Ill;  Wool- 
len Loom,  by  Houget  ft  Test  on.  11; 
Loom  for  Tufted  Fabrics,  by  Smith.  114. 

Loren*  ft  Yette,  Reservoir  Filter -balls  by, 

Louch  ft  Co.,  Union-joints  and  Pipsvflrtu 
by  ;  Heap'*  Pipe-cutter  by,  362. 

Lubricator*.  423:  Swan's  Self-artiag  Lo'r 
cator,  by  G Wynne  ft  Co.,  433;  M-.hler » 
Self-lubncating  Pedestal,    by  Wren  s 
Hopkinsou ;  Self-lubricating  PedestaL  hx 
Hick  ft  Son  ;  Oil-feeder,  by  White,  xll. 

Lumley  ft  Wataon,  Three-ton  Ship's  Stean- 
crane  by,  414 ;  Crabs  and  Pulley -blocks 
by.  ilL. 

Lyons,  M.,  Msgneto-plsting  and  Gilding  Ap- 
paratus by,  21iL 
Lyons  Railway  Company,  Self-acting  Brake 

by,  34. 

M. 

MicitniiBTin  General : — Stationaryaad  Port- 
able Steam-engine*  and  Boilers,  2U2 ;  Ma- 
rine Steam-engines,  33a.:     Pieces  sod 
Fitting*  of  Steam-engine*  and  Boilers, 
343;  Hydraulic  Machine rv,  324;  Pnea- 
matic  Machinery,  402 ;  Unclssssd  Ma- 
chines, 413.  {&**  rlr*e  sesWs  mp*Hit*lj  ) 
Machine  Tools.    (See  Iron,  Machine  Tools  ) 
Maclea  A  March,  Hosiery  Machinery  by,  '.' 
Machine  Tools  by  ;  Slide-lathe,  Douhir- 
faceplate  Wheel-lathe,  Shaping  Machiaa, 
Slotting  Machine,  Planing  Machine,  ITS. 
Magdeburg —  Hamburg   Steam  •  Navigaix.« 

Company,  Corliss  Steam  Engine  by,  Sis- 
Magnet  Machine,  by  Roulledge  A  Omniannei, 
ML 

Magnrto-electricMacbine*  for  producing!^*-: 
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—  Magno-ele .'trie  Machine  for  producing 
Light,  mod  Light  Regulator,  by  P.  H 
Holme*;  on  ton  Knm  of  producing  Ar- 
tificial Light,  by  Holmes,  2>ffi ;  Magneto- 
electrio  Machine,  by  Berlins  ft  Co.,  8er- 
tin's  Electric  Lamp,  2td ;  Companion  of 
Holmes's  and  Berlioz' t  Machine*,  23ft; 
Magneto-electric  Machine  for  the  produc- 
tion of  Illuminating  Oaa,  by  B.  (J.  8hep. 
ard.  AIL 

Magneto-plating  and  Gil. ling  Apparatu*,  by 

Lrona,  2UA. 
Manchester  Water-meter  Company,  Chad. 

wick  ft  Frost's  Water-meter,  by.  -HH,4«>«L 
Mangling  Machine*.      (S##  Waahing  and 

Mangling  Machine*.) 
Menlove,  Alliott,  A  Co.,  Centrifugal  Drying 

Machines  by.  M'-.. 
Manning,  Warille,  A  Co.,  Tank  Locomotive 
by,  10;  ita  dutie*  in  the  Western  Annex, 


Marine  Steam  Engine*.  [St§  Steam  Engine*, 
Marine.) 

Mark  ham,  on  Coal  Burning  Pire-boze*,  1L 
Maraball,  T.,  Bevolving  Paper-strainer  by, 

236. 

Martin,  Teaxing  Machine  for  Wool  by.  £3  ; 
Carding  Bngtnc,  74,  Li ;  Doublo-dofl'rr 
Condenier,  T  t 

Mash-tuna,  by  J.  Lawrence,  2<1. 

Mason,  John,  Cotton  Preparing  and  Spin- 
ning Machine*  by;  Scutcher  and  Lap 
Machine,  Carding  Kngine,  1£1 ;  Drawing- 
frame,  Blobbing- frame,  Roving- frame, 
Throstle,  £L;  Self-acting  Mule  by,  for 
Wool,  7_L 

Mathematical   Instruments,  by  Holtzapftel 

A  Co.,  IfiQ, 

Maudslay,  Rons  A  Field,  Marine  Kngine*  by, 
339  :  —  Horizontal-screw  Kngine*  of  H .  M  .8. 
Print*  Contort.  33» :  Horizontal  Three- 
cylinder  Screw  Engines  of  II. M.S.  Ociario, 
340 ;  their  Performance,  Ml ;  Horizon- 
tal Direct-acting  Screw  Eogitiesfor  H.M  S. 
Vuliani;  for  11  .M.S.  Atjincourt ;  for 
Vessels  of  Light  Draught,  ll  M  S  Muiint 
and  Camtltan  ;  for  H.M.8.  Victoria  ;  Os. 
cillating-crlinder  Paddle-engines  for  the 
ifrrttj;  Upright  Annular  Cylinder  En- 
gine* ;  Feathering-screw,  Crosahead,  and 
Connecting-rod  for  11. M.S.  Afinconrt, 
342. 

Mauxuxe,  Friction-coupling  for  Millstones 
by.  tm 

May,  C,  Hollow  Iron  Spikes,  invented  by,  23, 
May,  Walter,  A  Co.,  Horizontal  Compound 
Steam-engine  by,  818. 


Maxilier,  Kail  with  continuous  Bearing  by,  37. 
M'Connell,  J.  B.,  Coal-burning  Boilr  ' 

0.7,  8.  in. 


r  by,  j 


M'Croisan's  Empire  Sewing  Machine,  PI. 

M'Dowall,  J.  A  Sons,  Haw-bench  by ;  Planing 
and  Moulding  Machine  by,  i» 

Measuring  Instrmueuts.  —  By  Holtzapftel  A 
Co.,  190.;  Kngine-conuter,  by  Hchafler 
A  Budeoberg,  967  :  Engine-counter,  by 
Richmond,  ft]  Distance- indicator,  by 
Adcock ;  Machine  for  Measuring  Cloth, 
by  Woodcock  A  Lee,  ISA, 

Meat-screen,  Self-basting,  by  Zaoni  A  Co., 

Mercier,  Wool  Machinery,  by:  — Teaxing 
Machine,  73j  Cardlng-engioe,  2j  Wool- 
len Looms  by,  111 :    Fulling  Machine, 

1U. 

Meritun'*  Marine  Oovernor,  by  M.  A.  8oal, 

878. 

Mcrrvweather  A  Bon,  Brigade  Fire-engine* 
(including  Hodges'  Testimonial)  by.  MS : 
the  Deluge  Steam  Fire-engine  by,  3tr7, 
1£H ;  The  Torrent  Steam  Fire-engine~Ejr, 

ioo.  ita. 

>ter»ey  Steel  A  Iron  Company,  Large  Crank 
Shaft  by,  .KM. 

Mertena',  Flex-scutching  Machine  by,  78 . 

Meyer,  J.  J.,  A  A.,  Articulated  Tank-locomo- 
tive by,  20,  23. 

Middle  ton,  T.,  Murray's  Cha'n-pnmp  1>t,  S-ffl. 

Midland  Railway,  Coa'-buruing  Fire-box  on, 
0,13, 

Mill,  Double-acting  Composite,  by  T.  Carr, 
247. 

Miller  s  Marine  Governor,  by  J.  Basire,  3*1. 
All. line  Machines,  for   Straight-milling  and 

Proflle-milbng,  by  Ureenwood  A  Batlcv, 

180. 

Mills,  Grinding  —  By  Neal,  347;  br  Feucon- 
nier.  244^  {Stt  Stone,  Machines  for  Work- 
ing in.) 

Mirrlees  A  Tait,  8ugar-mill  and  Engine  by, 

MS, 

MitcLell't  Water-meter,  402. 


M'Kenxie  A  Co.,  Sewing  Machine*  br,  1-- 
Mobler'*  Self-lubricating  Pedestal,  by  Wren 

A  Hopkinson,  4ZL 
M'Onie,  w.  A  A.,  Sugar-mill  and  Engine  by, 

2»Ji  CatUe-mill  hy,  2<H . 
Morgan  A  Co.,  Machine  for  Making  Shawl- 

pattern  printing  blocks  by,  21ii, 
Morri-,  J.,  Iron- wedge  for  Hallway  Chairs  by, 

SJL 

Morns  in,  TL,  A  Co.,  Bteam-hammer  br,  IBS, 
210:  Inverted  Cylinder  Marine  bcrew- 
engine*  for  the  Auckland  by,  i 

Mortising  Machine*,  for  Wood.— Mortising 
Machine,  by  S.  Womxun  A  Co.,  214, 221 ; 
Mortising,  Tenoning,  and  Boring  Machine, 
by  Powia,  James,  ft  Co.,  219.;  Mortising 
Machine,  by  Thomas  Robinson  ft  Sons, 
220:  Mortising  Machine,  by  Greenwood 
ft  Batley,  2J_t  ;  H  sigh's  Mortising  and 
Boring  Machine,  br  Wm.  Bisseil,  221; 
Mnrtiolng  Machine,  by  Weston  ft  Horner, 
213 :  Traversing  Mortising  Machine,  by 
l'erin,  225;  Mortising  Machine,  by  Bernier 
ft  Arbey,  223  ;  Mortising  Machine,  by 
Zimmerman n,  223. 

Moold-making  Machine,  for  producing  Print- 
ing Surfaces,  by  Wright,  2H  i . 

Moulding  Machine*,  for  Wood : —  Small 
Moulding  Machine,  by  S,  Worsaam  ft  Co., 
214  |  Moulding  Machine,  by  Powis, 
James,  ft  Co.,  2H  ;  Moulding  and  Planing 
Machine,  by  Thomas  Robinson  ft  Boos, 
22Q:  Planing  and  Moulding  Machine, 
br  Forrest  ft  Barr,  223;  Planing  ami 
Moulding  Machine,  by  J.  M'Dowall 
ft  Son*,  229. ;  Moulding  Machine,  by 
Bernier  ft  Arbey,  22j>;  Moulding  Machine, 
br  Ziramermann,  220. 

Monline,  Magnetic  Calico  Loom  by,  111. 

Moulton,  8  .  ft  Co.,  Embedded  Steel  and 
India-rubber  Spring*  by,  33. 

Muggridge,  Washing  Machine  by,  A28» 

Muir,  Wm.,  ft  Co.,  Machine  Tools  br  :— Self- 
acting  Foot-lathe,  Self-acting  Slide  and 
Screw-cutting  Lathe,  l.Vi ;  Machines  for 
Hand-planing,  Self-acting  Shaping,  Self- 
acting  Slotting,  lii  ;  Self-acting  Vertical 
Drilling,  Self-acting  Radial  Drilling, 
ScrewingTackle,  Double  Grindstone*,  132. 
I  Mule,  Hand,  for  Wool,  by  Mercier,  *  t, 

Mules,  Self-acting  Cotton  :-Smith'«  Self- 
acting  Mule,  by  Walker  ft  Hacking,  Ml; 
Hethcrington  and  Robertson's  Self-acting 
Mule,  by  John  Hetherington  ft  Sons,  SI : 
Self-acting  Mule*,  by  Piatt  Brothers  ft 
Co.,  0L  53-.'  by  Dobaoo  ft  Barlow,  nr. 

Moles,  Self  acting,  for  Wool,  LL  (S<»  Wool 
Machine*.) 

Murphy,  J.,  Tyre-fastening,  80. 

Murray,  R.  ft  Co.,  Moving  Argand  Fire-bars 
by,  Ml. 

Murray's  Chain-pump,  by  T.  Middleton,  380. 


Nxnxt/iT,  Tubular  Filters  by,  276. 

Neil-making  Machine,  by  Uuatafsun,  Ml 

Napier,  D.,  ft  Son,  Platten  Printing-press  by, 
2Jft;  Centrifugal  Drying  Machine  by, 
M6 ;  Horizontal  Steam-engine  by,  3iM5. 

Napier,  Robert,  ft  Sons,  Direct-action  Hori- 
zontal Screw  Enginea  for  11. M.S.  Hreior, 
by.  3J0, 

Nasmyth,  James,  ft  Co.,  Machine  Tools  by  : 
—Steam-hammers,  Punching  Machine, 
130,  104;  Self-acting  Shaping  and  Dif- 
ferential  Dividing  and  Notching  Machine, 
130.  in;,  ;  Model  of  Cotton. baling  Press, 
Equilibrium  Slide-valve,  Screw-propeller, 

ltM. 

Nasmvth,  Jamea,  invented  the  Direct-action 

Pile-driver,  ALL 
Naylor.  Tickers,    ft  Co.,  Cast-steel  Disc- 

Wheels  by,  31. 
Naylor'*  Steam-hammer* :— Br  the  Kirkstsll 

Forge  Company,  198;  by  Varrall.  Elwell, 

ft  Poulot,  205 ; "  Remarks  on  it,  JUL 
Neal,  Grinding  Mills  by,  247,  MO. 
Needbam  ft  Kite,  Filter-press  by,  2*1. 
Neill,  K.  B  ,  Ericsson  Engine  by,  H'. 
Neilson  ft  Co.,  Locomotive  by,  l\  2 1. 
Neville,  John,  hi*  Formula  for  the  Discharge 

of  Water,  377^  37*. 
Newall,  Continuous  Brake  br,  3J, 
Newspaper-addreesiog  Mschine,  by  Harrild  A 

Sons,  244. 
Newspaper-printing,  Progress  of.  2.11. 
Newton  ft  Archbold,  Tamboi 


111. 


uring  Machine  by, 


Newton,  Eeatet,  ft  Co.,  Article*  of  Copper 


and  Brass;  and  Boilers,  Cylinders,  and 
Bowl*.  36L 

Nightingale  A  Co.,  Horse-hair  Curling  Ma- 
chine by,  9ns 

Nillus,  K.,  Direct-act iug  Screw-engines  br.  AVI. 

Nobes  A  Hunter,  Conipouod  Leather  iielu 
by,  iXL 

Normaod,  F.,  Equalising  Motion  for  Printing 
Process  by,  ikL 

Normandy  A  Co.,  Marine  Aerated  Fresh- 
water Apparatus  by,  flZ. 

North  British  Rubber  Company,  Indiarubber 
Belting  br,  4:3. 

North  Moor  Foundry  Company,  Parallel-How 
Turbine  by,  m\. 

North  Moor  Foundry  Company,  Piatt  A 
Schirle's  Silent  Pan  by,  413:  Schiale  A 
Wilbanu'  Blast  Engine  or  Blowing  Fan 
by,  AlX 

Northern  Railway  Company  of  France,  Heavy- 
gradient  Locomotive*  by,  HL  2o. 

Norton,  Lee,  Tentering  and  Drying  Machine 
ny.22.liiL 

Norton,  Lee,  Reciprocating  Pump  by,  :w.-,. 

Nut-shaping  or  Cut  ting  Machines. — Self  acting 
Not-shaping  Machine,  by  Joseph  Whit- 
worth  A  Co.,  Lii;  Nut-cutting  Machine*, 
by  R.  Uartioann,  204, 


0. 

OiL-mFD*.!,  by  Joseph  White,  421. 

Oil-mill  Machinery. — Introductory  8ketch  ; 
Oil-mill,  by  Martin  Samuelaon  A  C>.,  20rt. 

Openers,  Cotton :— Cotton  Opener,  by  Walker 
A  Hacking,  4Aj  Opening  and  Cotton- 
cleaning  MacKiiie,  by  Piatt  Hmthera  ft 
Co.,  65,  «J1;  Cotton  Opener,  by  Dobsonft 
Barlow,  w.  «SL 

Ordiah  ft  LeFeuvre,  Elastic  Railway  Chair 
and  Sleeper  by,  3SL 

Organblower,  Joy**  Hydraulic,  by  Carrett, 
Marshall,  ft  Co.,  astL 

Orleana  Railway  Company,  Locomotive*  by, 
17. 

Oscillating  Steam-engine  with  Fixed  Valve, 

by  J.  Davis,  31L 
Owen,  W.,  Wheels,  Axle*,  and  Tyres  by,  2jL 
Oxley,  Wm.,  A  Co.,  Steam-trap  by,  Mfti 


PAC««r-rotnt»e  Machine,  by  Derinrk,  247. 
Packing,  Elastic -core,  by  J.  iL  Tuck  A  Co., 
374. 

Page,  E.,  ft  Co.,  Machine*  for  Making  Bricks, 

Pipes,  and  Tiles  by,  2aL 
Paging  Machine,  by  lL  Palmer,  24L 
Painting  Machine,  by  Sharp,  Stewart,  A  Co., 

ILL 

Palmer,  II,  Paging  Machine  by,  2AL 

Paper,  Machines  for  Manufacturing  and  Work- 
ing in,  2AL  :  —  Classification  ol  Machine*, 
231;  Paper-making  Machinery, 231.  Type- 
founding  Machines,  23fi ;  Type-composing 
and  Distributing  Machines,  23d.  Printing 
Presses,  23».  Miscellaneous  Printing  and 
Stamping  Apparatus,  2*3 ;  Sundry  Ma- 
chine* for  W  orking  in  Paper,  24S.  {St* 
alto  tint  ktajt  rtipectirtlg.) 

Paper-bag  Machine*,  by  C.  T.  TouDgman, 
MS  :  »>y  tL  E.  Pettee,  2J»L 

Paper-cutting  Machines : — Single-web  Cutter, 
Crompton'*.  232.  236 ;  Donkin'a  Cutting 
Machine,  2  It;  Paper-cutting  Machine, 
by  D.  A  JTO  reig,  245 ;  Paper-cutt-ng 
Machine,  by  Hughes  ft  lumber. 245:  Pa- 
per-catting Machine,  by  Bail*  Garrett, 

Paper-making  Machinery.— By  George  Ber- 
tram, 231 1  by  Bryan  Donkin  ft  Co.,  233  ; 
by  La  roc  he  ft  Co.,  and  by  Dautrehand,  2AL 
Remark*  on  the  Paper-making  Machines, 
1LLL  Revolving  Strainer  by  T.  Marshall, 
Paper-knotting  Machine  by  A.Siebe,  23A ; 
Strainer  by  Prentia  and  Gardner,  Strainer- 
plate*  by  LL  Watson,  Paper-cutting  Ma- 
chine by  Tidcombe  ft  Son,  Paper-laying 
Apparatus  by  J.  Lamb  ;  Conclusion,  £M, 

Paper-strainers :— Revolving  Strainer,  by  T. 
Marshall,  233  ;  Paper- knot  ting  Machine, 
by  A.  Siebe,  233 ;  Strainer,  by  Prentia  ft 
Gardner,  23ft;  Strainer-plates,  by  11. 
Watson,  231j  2M. 

Parent,  Schaken,  Caillet,  ft  Co.,  Neusta.lt 
Crane  by,  422. 

Parent,  Schaken,  Caillet.  ft  Co.,  and  J.  F.  Call 
ft  Co.,  Locomotive  by,  IB. 

Parker,  O,  A  Sons,  Flax  and  Hemp-weaving 
Machinery  by ;  Looms  for  Sailcloth,  Jute, 


ed  by  Google 
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Flo*  Linen.  1 10  j  Machine*  for  Warping, 
Drrssing,  Warp- winding,  Weft-Winding, 

Parker.  P.  N..  8ewin>  Machine  by,  187. 
Parsons,  P.  M.,  Wild  ft  PanW  Switch  by, 

38. 

Peacock,  R.,  hit  Experiment*  on  the  beat 
level  of  the  Blast-pipe  in  I.oco'notive*,  13. 

Pearson  ft  Co.,  Washing  Machine  by.  4_li 

Paat  Machinery  :— Machinery  for  Straining 
and  Moulding  Peal,  by  J  D.  B ronton 
fi tent  of  the  Deposit!  of  Peat  in  Great 
Britain  and  Ireland  ;  on  the  Preparation 
of  Peat,  2BU ;  Analyaia  of  Peat,  2&1. 

Peel,  Williatna,  ft  Peel,  Vacuum  Engine, 
Stesm  Hydraulic  Pumps,  n  rdraulic  I'reae, 
ami  Stop  or  Let-off  Kquiblirium-vnlve  by, 
2M. 

Penn.  John,  ft  Ron,  Marine  Engine*  by,  ; 
Horixontal  Screw -trunk  Engine,  tor  the 
Spanish  Erigate  Qmma;  Crank  shaft  and 
Cylinder  for  H.M.8.  AckUUt,  Sit. 

Pcrnr-i.  L.,  Foaaey'i  Horixontal  Blowing 
Fngme  by,  817. 

Pemiasion-cap  Machine,  by  Greenwood  A 
Bat  ley,  18J, 

Perm.  Hand-saw  by;  Traversing  Mortising 
Machine  for  Wood  by, 

Perkins'a  Surface-evaporator  Condenser,  31 1.  ! 

Permanent  Way  : — Permanent  Way,  by  the  | 
Permanent  Way  Company,  3£;  Ramie'* 
Chair,  by  P.  Wise :  Spring-clip  Fish-joint, 
br  Denng ;  Iron  Wedge,  br  Morria ; 
Elastic  Chair  and  Sleeper,  bv  Ordish  ft 
Le  Feurre  I  Continuous  Bail,  bv  Corlett ; 
Cast-iron  Way,  by  Wright;  Chair,  by 
Truss ;  Keys  and  Trenails,  br  Ranaomea 
A  Sima,  24 ;  Bracket-joints,  hr  Adams; 
Wrought- iron  Chairs,  by  Ramsbottom  ;  { 
Metallic  Wedge-keya.  by  the  Anders  too 
Fonndry  Company  ;  Bail,  by  Kostlin  ft 
Battig ;  Angle-bracketa,  br  Maailier ;  I 
Sudd;-. rail,  by  Seaton;  Kail*,  br  th» 
Butterley  Iron  Company;  Baila,  by  the 
Company  of  Copper  M inerf ;  Conclusion, 
SL 

PerreauT,  India-rubber  Pump- valve*  br.  S&V 
Perry,  Thomaa,  ft  Son,  Hard-chilled  Sheet- 

roll  by,  >o4. 
Peto.  Braaaey,  ft  Belts,  Machine  f«r  Mnlti- 

farious  Punching  and  Manifold  Dnl.lng, 

H>7. 

Potior  A  Oalpin,  Belle  Rauvape  Single-cylin- 
der Printing  Machine  by,  212. 

Pietrarsa  Royal  Worka,  Locomotive  from,  23. 

Pinchea  A  Co.,  Fly-preaa  for  coining  bv,  211 . 

Pipe  and  Tile-making  Machines.  (See  Clay, 
Machine*  for  Working  in.) 

Pipe-cutter,  Heap' a,  Mt. 

Pipe-jomt,  Elastic,  for  Ga*  and  Water-mains, 
by  T.  8_  Truss, 

Pipe,  "Water,  of  Leather,  by  Letettn,  32fL 

Planing  Machines,  for  Metal: — The  Planing 
Machine.  12ft;  Self-acting  Planing  Ma- 
chines, by  Joseph  Whiiworth  A  Co., 
132.  Puurng  Machines,  by  J.  8. 

Iliilae,  1 17  ;  Hand-planing  Maehinea,  by 
Wm.  Muir  A  Co.,  Lil ;  Self  acting  Plan, 
ing  Maehinea,  by  P.  Fairbairn  A  Co., 
1M>.  »w  -.  Planing  Machines,  br  Shep- 
herd. Hill  A  Co.,  176;  Planing  Machine, 
bv  Mac  lee  A  March,  11a  j  Planing  Ma- 
rhioe,  by  Fox  Brothers,  I-.t  :  planing 
Machine,  by  O.  A  A.  Harvey,  MS]  Plan- 
ing  Machine,  by  Van-all,  Elwell  ft 
Poulot,  »H;  Compound  Planing  and 
Shaping  Machine,  by  J.  A  C.  JL  Bslinder, 
ff't :  Conclusions  as  to  Planing  Maehinea, 

m, 

Planing  Maehinea,  for  Wood  : — Roller  Planing 
Machine,  by  8.  Worasam  A  Co.,  213, 
Planing  and  Squaring  Machine,  and 
Mouldmgand  Plaumg M schine,  to  Thorn.- 
Kohinaon  ft  Hons,  i»>.  £sl ;  Planing  Ma- 
ehinea, by  Powia,  James,  ft  Co.,  21^  221 ; 
Planing  and  Moulding  Machine,  '  v 
Forreat  ft  Barr,  223j  Planing  and  Mould- 
ing Machine,  by  J.  M' Do  wall  ft  Bona, 
22. t ;  Planing  Machine,  by  Ztmmermann, 
1 

Piatt  A  Rchicle'a  Silent  Fan,  by  the  North 
Moor  Foundry  Company,  tig. 

Piatt  Brother*  A  Co.,  Cotton  Preparing  and 
Spinning  Machines,  by :— Piatt  A  Kichard- 
aun't  Oina— Churka  Gin,  Macarthr  Gin, 
fit,  131;  Opening  and  Cotton-Cleaning 
Machine,  V>,  til) ;  Scutching  and  Lapping 
Machines,  Wl.  til;  Finishing  S-utcher, 
Breaker  Carifing  Engine*;  Lap-douhler, 
Finisher  Card,  C<>arse  Carding  Engine, 
67 ;  Drawing-frame,  bl;  Slubhing-frama, 
Intermediate- frame,   Boring-frame,  Lil; 


Throstle,  fO:  Self-acting  Mule*,  81^  83; 
Calico  Loom  by,  ML 

Wool  Machinery  by  i  —  Burring  Ma- 
chine*), 23  i  Carding  Engine*,  comprising 
tb*  Scribbler  Engine,  Apperler'*  Feeder, 
Intermediate  Card,  Ferrahee  a  Feeder, 
Finisher  Card,  and  Fairtwirn'*  Cooden- 
sera,  73_i  Self-acting  Mule,  74;  Remark*, 

a. 

Dry -clay  Brickmaking  Machinery  by, 

Pneumatic  Machinery,  Soft.  81ft.  317,  utr,— 
Air-engine*.  41*2  ;  Gaa-eng-nea.  4">»  ;  Air- 
pumps,  SON,  31 «.  317.  407 i  Fans,  HI. 
(See  aim  tk+te  ktadt  rffttctirtlf.) 

Pole,  W.,  Piah-plalea  by,  3A. 

Polignac,  Prince  de.  Steam-engine  with  curved 
cylinder  by,  317. 

Polonrean.  Locomotive  by,  20. 

Pontifex,  Refrigerator  by,  2Wt. 

Pooler,  H_,  A  Son,  Weighing  Machine*  br,  V\ 

Poitalde  Engines,  32tL  {Set  Steam  Engines, 
Portable.) 

Porter,  C.  T.,  The  Allen  Steam-engine  by, 
aiD  ;  Richards' s  Steam-engine  Indicator 
hr,  36a  i  Stationary  Governor,  and 
Marine  Governor  by,  373.  37 1. 

Porter,  Hinds,  A  Porter,  Biscuit  Machinery 
by,  873. 

Poller,  W.,  Gut  Wheel. bands  by,  123. 

Pougalt.  Steam-trap  br,  Sjjft. 

Powia,  James,  A  Co.,  Wood-working  Mscbine* 
by :— Combined  Timber  and  Deal-frame, 
Rand  -  taw*.  217.  22fl ;  Maehinea  for 
Planing.  2H,  227~7  Moulding.  HH-.  Mor- 
tiaing.  Tenoning,  and  Boring  ;  Doable- 
Tenoning,  218.;  Horizontal  Steam-engine 
by,  3"6. 

Pradel'*  Modification  of  Oiffard*  Water- 
injector,  12. 

Precipitating  Apparatus  f.r  Purifying  Wafer : 
Dr.  Clark'*  Process;  Precipitating  Appa- 
ratua  and  Testing  Apparatus  by  F.  U. 
Daorbell  A  Co.;  Wagner'*  Water-soften- 
ing Apparatus  by  Durenne ;  Reaulta  of 
experiment*  by  M.  Trwaca,  and  by  M. 
Schau,  276. 

Preiler,  C.  A.,  TJntanned  Leather  Belt*  by, 

gal 

Preotia  ft  Gardner,  Paper-strainer  br,  ZM. 
Pre**.  Cotton-baling,  by  Jame*  Nasnivth  ft 

On..  ML 

Prras-driU,  Portable  Smith'*,  by  HoltzapflVl 

A  Co.,  lf»). 

Preasura- gauges,  Ac.,  IB  368 i — Pressn'e- 
gauge,  Atmospheric,  by  A.  Allan.  16; 
Obaerratious  on  Pressure-gauges;  Prea- 
snre  and  Vacuum. gauge*,  by  Smith 
Brother*  ft  Co.;  Pressure- gauges,  by  G. 
Salter  A  Co.;  Steam  and  Vacuum-gauges, 
by  B.  A.  Grautoff)  Pressure-gauge,  by 
Bourdon,  atai;  Mod*  of  raising  Water 
by  means  of  a  Jet  of  Steam,  by  Bourdon  ; 
Steam-gauge*,  Hydraulic-gauge.  Engine- 
counter,  Hrphon-box  or  tMeam-trap, 
Double- relief  Valve,  Dynamometer, Wind- 
ing Indicator,  Low-water  Indicator  and 
Whistle,  by  Schaffer  A  Bndenberg.  3ii7, 
3tW.  :w»  ;  RicbaDla's  Indicator,  by  Purter; 
Remarka  on  Indicator*,  3JSL 

Preston,  Francia,  A  Co.,  Fila>cutting  Ma- 
chine* by,  lot. 

Pre««e«.  II rdraulic,  SM.  (Set  Hydraulic 
Presses  ) 

Prince.  Hollow  Iron  Spike*  by,  35, 
Printing-presses  :  —  Presses  by  Holtxapflel 
A  Co.,  ItQ ;  Progress  of  Newspaper 
Printing,  23W ;  Flatten  Printing-press, 
by  David  Napier  A  Son,  2 to ;  Main 
Single-cylinder  Printing  Machine,  by  W. 
Coni*h*r,  211  :  Single-cylinder  Printing 
Maehinea,  by  Petter  A  Oalpin.  hr  Annalde 
A  Blench,  and  br  R.  A  W.  Ullmer ;  Plat- 
ten  Preas.  by  F.  W.  Genah,  242.;  Double. 
cvlinder  Machine  br  Rons,  Model  of  Hoe'* 
fen-feeder  Machine  by  E.  E.  Colley, 
Miniature  Albion  Printing-press  by  Mr*. 
Daniel  Jonea,  Electro  magnetic  Priming- 
pre**  by  C.  W.  Harrison ;  Printing  Ma* 
chinea  nr  Normand,  by  Alauset,  by  Du- 
lartre,  143. 

Printing  and  Stamping  Apparatus,  Miscel- 
laneoua  : — Mechanical  Counter*  br  Trou- 
illet,  HI;  Paging  Machine  by  Palmer, 
Railway  Ticket  Printing  and  Numbering 
Machine  by  Water  low  A  Bona,  Newspaper 
Addressing  Machine  by  Harrild  A  Sons, 
Post-office  Stamping  Machine  br  Pearson 
Hill.  Hand  Pressea  by  J  arret  t,  fcU;  Litho- 
graphic Prtwaes,  'iti 

Printing-blocks,  Shawl-pattern,  Machine  for 
making,  by  Morgan  A  Co.,  205. 


Printing  Surfaces,  Mould-making  for  pro- 
ducing, by  Wright,  HilL. 

Projectile  Theory  of  the  Viol  en  o*  of  Bo— -r- 
ciplosions,  bv  the  Author,  32L 

Puller-blocks  —Differential  Puller-Mock,  bv 
T.  A.  W  eaten,  sal ;  Pulley -Moeka,  W 
Lumler  ft  Wataon,  t^l. 

Pump,  Appold  :— Thai*  in  1851,  371:  AprV  rv- 
tioa  of  it,  by  East  on,  Amoe,  A  Boas,  x.*1! 

Pnmp,  BeaarmeV*,  in  1861,  376. 

Pump,  Duplex,  Wortbington'*,  by  Welling*. -t 
Lee,  348,  400.  Mat, 

Pnmp,  Ulsss,  by  John  Cbedgey,  3-»A 

Pun.n,    Hand, 'Californian,  by   Uau  r 

Pomps,  C-ntrifugal,  378;  Ontrifngml  Stean- 
pump,  by  haslon,  Auioa,  ft  Noma,  23; 
the  Author'*  Obaerratiooa  upon  it,  322  . 
and  Deduction*;  Centrifugal  Sieam-pucp, 
by  Gwrnne  ft  Co.  ,  Differeooe  bsHws-a 
their    Pump    and   Mr.    Owtddi'i  a 
1HSI,  378 1  the  Author'*  Oh*s*r***>oa* 
upon  it,  and  Deductions,  37*.  3n>> ;  ex- 
ceaair*  ConsumpUoQ  of  Si  earn  by  Gwyus* 
A  Co.'*  Steam-pump ;  comparative  ttK 
ency  of  the  Steam-pump*  by  East  -. 
Amos,  A  Son*,  and  Gwtsjb*  ft  Co.,  3n 
Xsj,  ;ts j  ,  Centrifugs)  Puiup  made  w-.th  % 
exterior  Whirlpool,  by  WUliarnavW*  Bro- 
ther*. 382 ;  Cary'*  Rotary  Pomp,  3M. 

Pumps,  Chain,  38W :  Murray's  Chain  Pans*, 
br  T.  Mnldlrton  ;  Resolt*  of  its  Perform 
anc*,  :ts» ;  Chain  Pump,  by  J.  V.  Baatier, 

.'I'M. 

Pumps,  Donker,  br  T.  Dunn  ft  Co.,  361 :  by 

Carrett,  Marshall,  ft  Co.,  22ft 
Pumps,  Hvdrauhc.    (See  Hydraulic  Press***.) 
Pumping  Engine*,  Corniah,  by  Harsev  .v  C*, 

3BB.    Mr.  C.  Greave*  on  thai  Pmmp*v 

E-igine*  of  the  Baal  London  W  ater  Worts. 

3-17. 

Pumpa,  Reciprocating,  3J.3  -.  Steam-pump,  W 
Ranaomea  A  Sima  ;  Double- act K>o  Stracv- 
pump  and  Double-action  Donkey-pom*, 
by  T.  Dunn  A  CO.,  3>£1;  Donkey-engine, 
or  8team-pumpa,  by  Carrett,  Marshso.  t 
Co.,  3ts4;  Diaphraa-m-pump,  by  hvo<rw.  . 
dea  ft  Co. ;  Pump,  by  Lew  N  ortow  ;  FVxv- 
pump,  by  Godwin ;  India-robber  Pwap- 
valvra,  by  Perreaux,  333.;  GlaaaPumpaal 
Glaa*  Holler*,  by  J.  Chedgey  ;  Corni-i 
Pumping  Engine,  by  Harvey  ft  Co..  -It  ■ 
Mr.  Greave*  on  the  Pumping  Ragioe*  « 
the  East  London  Water  Work*,  &*T; 
Husband'*  Safety  Balanosv valve,  by  Har- 
vey ft  Co.  s  Force-pump,  by  Hubert; 
Steam-pump,  by  Steel;  Worthing! ■-  < 
Direct-action  Duplex  Pump,  by  Welhri- 
ton  Lee ;  California  Hand- pump,  er 
Handahrow,  388.  (See  also  Fir*  «rigs»«s  I 
Pump-vahrea,  India- rubb*>r,  by  Fin  wsi,  _-_ 
Punching  and  Shearing  Machine*  •— bv  Joarsa 
Whit  worth  ft  Co.,  LH  ;  bv  Sharp,  Stewan 
A  Co.,  143_;  by  J.  8.  llulae.  1*»;  byC 
De  Bergo*  ft  Co.,  130,  1ST.  1«T,  211 : 
Punching  Machine,  hr  Jame*  N  aamvii  l 
Co.,  MM  :  Circular  Shearing  Max  bine  ' -. 
P  EsTrWrn  ^  (  „  ,  175  |  Punching  aci 
Shearing  Machine*,  by  Joshua  Bucbl^s  i 
Co.,  180;  by  D.  Cook  ft  Co.,  1£&  I  Vlu.i  - 
farioua  or  Jacquard  Punching  Mechine,  m- 
Ru-hard  Roberta  ft  Co..  UAt:  Multifaruie* 
Punching  and  Manifold  Drilling  Machmr. 
by  Peto,  Braaaey,  ft  Belts,  JJE ;  Cosjeu- 
aion,  21o. 

Q 

Qr»XT7-cxr»mxo  Machine,  Victorian.  TV : 
Twelve-stamper  Battery,  by  the  Corasj  •■ 
s loners  of  the  Victorian  Exhibition,  ii. . 
Statistic*  of  Gold  Produce  in  Victona, 
Mixles  of  Rttraetiivg  OoUl,  2SJL 

Qttillacq.  Horixontal  Colliery  Windiug-engi*** 
by,  lli. 

Bs 

R  ir.  osrsntiro  Machine,  br  J.  Rhodes,  IL 

Rails,  aa.    (See  Permanent  War.) 

Railway  Plant.—  Introduction,  L  :  Hiatoriral 
Account  of  Coal-burning  in  Locom^isn. 
2;  English  Locomocivea,  lsl :  Kureiga 
Locomotive*.  II ;  Coocloding  Chapter  m 
Locomotive*,  2A.  Railway  Carnages  sat 
Waggon*.  J6;  Detsila  of  Kaihway  Car- 
nagrss  and  Waggon*,  24;  PmuiS'si  VtJ, 
.15;  Fixed  Plant,  2L.  (See  akCso  fie* 
krifit  TtrpttHrtlf.) 

Railway  Plant,  Fixed.— Switrhe*  and  Croaxna*), 
by  P.  M.  Paraou*.  by  Batava*  ft  Ctv/W 
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B.  Richardson,  by  the  lac*  Foundrr  Com- 
pany, by  O.  A.  Biddell,  31L  Turntable*  and 
Traverser*,  by  T.  Dunn  A  Co.,  28  i  by 
Lloyd*.  Foster.  A  Co..  Bain**  &  Co.. 
Weighing  Machine*,  by  Henry  Pooley  A 
Hon,  Mi  br  K.  Kitchin,  13:  by  Catenot, 
Reranger,  A  Co.  ;  by  Schember  A  Hon,  43, 
Signals,  by  Stevens  A  800,  by  Bioharason 
A  Chattewer,  121;  Level-creasing  Gate*, 
by  Bain,  M'Nicol,  A  Young ;  by  vickera, 

a. 

Raisin  and  Currant  Dressing  Machines,  by  J. 
Caiaon,  -'■  t 

llama's  Railway  Chair,  by  F.  WUe,  3fl. 

liamabottom,  J.,  Coal-burning  Fire-box  by, 
-L  8j  Safety-valve  by,  U  1  Self  feeding 
Tender  by,  12  J  Wrought-iron  Railway 
Chairs  by,  37. 

Randolph,  Rider,  A  Co.,  Oblique  Compound 
Engine*  for  the  Co»*'u »ci  by,  3M. 

Rankine,  Profrnor  W.  J.  M  ,  on  the  Expan- 
sive Energy  of  Heated  Water,  222;  on 
Turbines,  into. 

Hansome,  F.,  Concrete  Stone  Foundations  by, 

arjL. 

Ransowea  A  Sims,  Compressed  Keys  and 
Trenails  for  Railway  Chairs  by,  3ft .  Hori- 
xontai  Steam  Engine*  by,  3«>4:  Portable 
Engines  bv,  XM ;  Serai-portable  Engine* 
br,  Itl2  ;  Reciprocating  St  earn- pump  by, 
8.13;  Five-horse-power  portable  Steam 
Crab  by,  41(1. 

Ravenhill,  Salkeld,  A  Co.,  Marine  Rnginea  br, 
■  ■'.l — Oscillating  Engine*  for  the  Lrixttrr 
and  ConmtKpki,  344 ;  Horisontal  Direct- 
acting  Screw  Knginrs  Tor  H.M  8.  UO-gtin 
Hhips.  Original  Design  of  the  Double 
l'iston-rod  Engine,  by  the  late  Joseph 
Miller  and  Count  Boaen  ;  Raddle-engine*. 
Fnginea  with  Surface .  condensers  for 
H  M.S.  lord  Clyde,  JM, 

Itii'M.ngs,  Boot  a:.. I  Shoe  Cleaning  Machine 
by,  ai:t. 

Hefrigerator*.  231.  (See  Brewing  Machinery.) 
Hentiie,  J.  A  O.,  Direct-action  Single-trunk 

Screw-engines  for  H.M.N.  Ittindttr  by, 

an, 

Reynold*,  J.  O.,  Machine  for  making  Tobacco 

Pipes  by.  -J'.n. 
Rhode*,  J.,  Bag-grinding  Machine  by,  71. 
Rhode*,  J.,  Steam-hammer  by,  »*). 
Richard,  B.  O.,  W'eter-wheel  by,  aft*. 
Richards,  Machine*  for  Leather-splitting,  Sole- 
cutting,  and  Heel-trimming  by,  i$rZ 
Richardson,  R-.  Bailway  Switches  and  Bail 

Fastenings  by,  :w. 
Richardson,  Thomas,  A  Son,  Inverted-cylinder 

Marine  Screw;  Engines  for  the  Qutrtnii 

and  the  Tyu*  mouth  by.  342. 
Biehardson  A  Billupa,  Fish-plate*  by,  .15. 
Richardson  A  Chattaway,  Train-signal  by,  13. 
Bii'hmond,  J.,  Engine-counter  by,  424. 
Billing  Machine  for  Ca-won,  by  Smith,  Bea- 

cock,  A  Tannett,  177, 
IMl  ng  Machine,  by  Greenwood  A  Bailer, 

l.lfl.  1H0. 

Rigbv's  Engraring  Machine, by  Lockett,  Sons, 

A  Leake,  225. 
Rivet-making  Machine,  by  C.  De  Bergue  A 

Co.,  HKL 

Riveting  Machine*,  br  D.  Cook  A  Co.,  130. 
1 211 ;  by  C.  De  Bergue  A  Co.,  ALT! 
Conclusions.  110 

Roberta,  Bichard,  A  Co.,  Multifarious  or 
1 .  nu.ard  punching  Machine  by,  196 : 
High -pressure  Balanced  Turbine' br^SM!. 

Robey  A  Co.,  Portable  Engine  by,  33>>;  Trac- 
tion Engine  by,  334. 

Bob  n«on,  J.  A  R.,'  A  Co.,  Silk  Velvet  Loom  br, 
llS. 

Bobinson,  Thomas,  A  Sons,  Wood-working 
Machines  by,  82o  —  Saw  -  bench ,  Machine* 
f  r  Planing  and  Squaring.  220.  227;  Mould- 
ing and  Planing,  Mortising  and  Tenoning, 
KM ;  Grinding  Machine,  221 ;  Framing  of 
the  Machine*,  TM. 

Bobinson,  Caak-eleanatng  Machine  by,  TBS. 

Bock -perforating  Machinery,  by  Bommelier, 
Grandis,  A  Grattoni.  220. 

Bods,  ,'1*1.    (AV#  Tubes.) 

Boll*.  Metal.—  Method  of  Casting  Metal  Rol's. 
»«:  Hard-chilled  8heet-r..li,  lir  Thomas 
Perrr  A  Son;  Chilled  Boil,  by  Smith  A 
llawke*.  -iot. 

Boilers.  Glass,  br  John  Chedgey, 

Bope-ppimtiog  Machinery.  (.s>«  Flax,  Hemp, 
and  Jute.) 

Boss,  J..  Double- cylinder  Printing  Machine 

by.  213. 
Rotary  Boiler,  by  F.  Grimaldi, 
Rotary  Steam-engine,  by  E.  Soheuti,  31H 
Botherhild  Brothers,  Steam-hammer  by,  203. 


Boutledge  A  Ommanney,  Diagonal  Steam- 
engine  by,  UZ ;  Self-acting  Bciler-feeder 
by,  atn  ;"  Magnet  Machine  br,  VI. 

Roving  Frame*,  Cotton.  [8*t  Slubbing 
Frame*.) 

Boring  Frame  for  Flax,  by  J.  Combe  A  Son,  80. 
Bowan  A  Sons,  Flax-scutching  Machine  by,  7JL 
Boy,  Le,  Sewing  Machine  by,  122. 
Busaell  A  Co.,  Iron  Tubes  by,  3U3. 
Busaell  A  Sous,  Iron  Tubes  and  Fitting*  by, 
;<>;■>. 

Ruston,  Proctor,  A  Co.,  Portable  Engine*  by, 

Bycx  A  Son,  Carding  Engine  by,  07. 
Byder.  Wm.,  Forging  Machine  by,  13^  106; 
Fluting  Machine  by,  UW. 


Is 

Sarsii,  Hydrometer  for  Diatitleriea  br,  4&L 
Safety-valves,  SBi  :  —  Furible-allov  *  Sarety- 
raWe,  by  Allen,  Harrison,  A  Co. ;  Bod. 
mer's  Safety-Talre,  by  B.  A  L.  B.  Bmlmer, 
3lo ;  Cow  burn's  Oscillating  IKrect- 
weighted  Safety- valve,  by  E.  T.  B'lthouse 

a  Co.,  auk. 

Sagniar  A  Co.,  Engine  Weighing  Machine  br, 
42. 

Salinometers,  3fifi: — Formation  of  Scale  from 
Sea-water,  and  Blowing-offfrom  Boilers; 
Long  *  Salinometer,  by  M.  A.  Soul.  :W» ; 
How's  Salinometer,  by  Frieake  A  Gather- 

cole,  370. 

Salisbury,  8.  C,  Sewing  Machines  by,  121. 
Salter,  G.,  A  Co.,  Preasure-gauge*  by,  Ln^i. 
Samuebum,  Martin,  A  Co.,  Oil-mill  by,  'MA. 
Sanborn,  O.  H..  Bope-stanning  Machinery  by, 

ttL 

Sandford  A  Mallory's  Fibre-extracting  Ma- 
chine, 7Jl;  Flax-scutching  Machin».  Zfi.; 
Machine  foe  Breaking  Flax  and  Hemp 
Straw,  7rt. 

Sandrs,  Vivian,  A  Co.,  Horizontal  Steam 
Engine  by,  306. 

Saw-benches :— General  Joiner,  br  &  Won- 
aam  A  Co.,  213;  Saw-bench,  by  Thomas 
Bohinson  A  Boos,  220  :  Saw-bench,  by 
J.  M'DowaU  A  Sons,  223;  Circular  Saw 
or  Saw-bench,  by  Bernier  A  Arbcy,  2iUI. 

Saw,  Circular,  by  Holtxappfel  A  Co.,  its). 

Saw,  Circular,  or  Saw-bench,  by  Bernier  A 
Arbey,  226.    {St*  Saw-benches.) 

Saw-frames.    (St*  Ileal- frame*  ) 

Sawing  Machine  for  Hot  Iron,  by  Jo*eph 
Whitworth  A  Co.,  13ri. 

Sawing  Machine,  Horizontal,  by  B.W.  Thomp- 
son, 22JL 

Scale  from  Sea-water,  formation  of,  3112. 

Schatfer  A  Budenherg,  Gauge*  and  nther 
Hteam-fltting*  by,  3fi2  ;  Steam-gauges, 
Hydraulic-gauge,    Engine-counter,  Sy- 

Vhon-box  or  Steam-trap,  Double. rend' 
'alve,  Dynamometer,  Winding  Indiea'or, 
Low-water  Indicator  and  Whistle,  'Mi  — 
Ma. 

Schember  A  Son,  Engine-weighing  Machine 
by,  43. 

Scheutz,  E-,  Rotary  Steam-engine  by,  SIS. 

Schiele  A  William*,  Blast-eogin*  or  Blow, 
log- fan,  412, 

Schmerber  Brother*,  Steam-hammer  by,  205. 

Schramm,  Jacquard  Loom  by,  LLi. 

Schroder,  J.,  Sewing  Machine*  by,  121. 

Schwartxkopf,  Steam-hammer  by,  iAi ;  Lan- 
bereau'*  Hot-air  Engine  by,  Jflg. 

Screwing,  Hand,  Tackle :— Notice,  ISO:  by 
Joseph  Whitworth  A  Co.,  1& ;  by  Wm. 
Muir  A  Co..  152. 

Screwing  Machine*,  Bolt  and  Nut :  —  By 
Joseph  Whitworth  A  Co.,  133 ;  by  Sharp, 
Stewart,  A  Co.,  142;  Bolt-screwing  Ma- 
chine, by  A.  Shank*  A  Co.,  l!u  ;  Screwing 
Machine,  by  W.  Gadd  A  Son,  lfli;  Con- 
elusion,  310. 

Screw-propeller,  by  James  Xasvmth  A  Co., 
UL 

Scribe.  Horisontal  Compound  Steam-engine 

by.aiZ. 

Sculpturing  Machine*.  227 ;  Carving  Machine, 
by  Cox  A  Son,  'i'Si :  Machine  lor  copying 
Sculpture*,  by  Kennan  X  Son*  ;  1'rojior- 
tional  Slide*,  by  Charles  Shaw,  227. ;  Point- 
ing and  Carviug  Machine,  by  E.  Smith, 

Scutchers.  Cotton :— 8ingle  Scutcher,  with 
Lap  Machine,  by  Walker  A  Hacking.  47. 
6i>;  Single-liealer  Scutching  Macbine.liy 
Jonn  liethenngton  A  Son*,  to,  Li1; 
Scutching  and  Lapping  Machines,  and 
Finishing  Scutcher,  by  Piatt  Brother*  A 
Co.,  56,  J>7,      Scutcher  and  Lap  Machine, 


br  John  Mason,  <L1;  Single  Scutcher,  by 
Dobaon  A  Barlow,  HtL 

Scutchers,  Flax  :— Sandford  A  Mallorv' ■>,  by 
A.  Guild,  £&;  by  John  Bowaa  A  Sobs,  7_S  j 
hy  Mrrtens,  7S. 

Seaton,  Saddle-rail  by,  H. 

Serriu's  Electric  Lamp,  »«,  2fK>. 

Sewing  Machine*  1 — Statistics  of  Sewing  Ma- 
chine*, 117 ;  Peculiarities  of  Machine 
Sewing  ;  Historical  Notice,  117 ;  Machine 
by  Weisenthal,  112;  by  Hunt,  by  Newton 
A  Archbold,  by  Greenough,  by  Boat  wick, 
bv  Fisher  A  Gibbons,  by  Elia*  Howe,  by 
Thorns*  A  Co.,  118;  by  Wiokersaaa,  by 
Wilson  or  Johnston,  by  G rover  A  Baker ; 
Classification  of  Sewmg  Machine*,  US ; 
Shuttle  or  Lock-stitch  Sewing  Machine*, 
lift;  Lock-stitch  Sewing  Machine*  without 
the  Shuttle,  122  ;  Single-thread  Chain- 
stitch  Sewing  Machine*,  124;  Double- 
thread  Chain-stitch  Sewing  Machine*. 
12&;  Foreign  Sewing  Machine*,  12JL  (St* 
alio  tkrt*  head*  mprctiveiy.) 

Sewing  Machine*,  Shuttle  or  Lock-stitch, 
118:— by  the  Howe  Sewing  Machine 
Company,  119 1  by  Singer  A  Co.  ;  by 
Thomaa  A  Co.,  UOl  by  <  luinnea*  A  Co  , 
181 ;  by  M'Keniie  A  Co.,  hy  Simpson  A 
CoTby  Bradbury  A  Co.,  122. 

Sewing  Machine*,  Lock-Mitch,  without  the 
Shuttle  122 :— By  Wheeler  A  Wileon,  122  . 
by  Ferrabee,  by  Salisbury,  113. 

Sewing  Machines,  Single- thread  Chain-stitch, 
124^— Invented  by  Morey  and  by  Gibi>*  ; 
Machine*,  by  WUoox  A  Gibba;  Blake's 
Machine,  by  Bigelow,  124. 

Sewing  Machine*,  Double-thread  Chain-stitch, 
lis ;  Grover  A  Baker  Machine,  by  New- 
ton Wilson  A  Co..  126)  by  Weight  A 
Mann,  by  Hughes,  rio7~ 

Sewing  Machines,  Foreign,  126:  hyCallehant. 
by  De  Cellea,  by  Le  Blond,  by  Warchn- 
lorsky,  by  Schroder,  by  Le  Boy,  by 
Boeke,  1x7. 

Sewing  Thread  Machine*,  by  Wren  A  Hop. 
kinson,  H3. 

Shand,  Maaon,  A  Co.,  Brigade  Fire-engine  br, 
3U2 ;  Fowke'a  Mihtary  Fire-engine  br, 
3»7  j  Steam  Fire-engines  by,  3»j,  40ft  4CT. 
Shan  ks,  A..  A  Co.,  Machine- tools  by  :— Duplet 
Mortiaog  and  Grooving  Drilling  Machine, 
Friction-gear  Drilling  Machine,  Multiple 
Drilling  Machine,  192 1  Bolt-*cr*wing 
Machine,  130,  )'U, 
Shaping  Mac  hine* : — The  Invention  of  the 
I  niversal  Planing  or  Shaping  Machine,  by 
James  Nurayth,  129 1  Universal  Shspinit 
Machine,  by  Joseph  Whitworth  A  Co., 133 ; 
Self-acting  Shaping  Machine,  by  Sharp, 
Stewart,  A  Co.,  L3Q  1  Shaping  Machine, 
by  J.  8.  Uulse,  U& ;  Self-acting  Shaping 
Machine,  by  Wm.  Muir  A  Co.,  141: 
Shaping  Machine,  by  Smith  A  Coventry, 
144  ;  Self-acting  Shaping  and  Differential 
Dividing  and  Notching  Machine,  hy  James 
Nasmyth  A  Co..  14J  ;  Self-acting  Shaping 
Machine,  by  P.  Fairbairn  A  Co.,  121  ; 
Bench-Shaping  Machine,  by  Shepheid, 
Hill,  A  Co.,  Una  Self-acting  Shaping  Ma- 
chine, 112 ;  and  Universal  Shaping  Ma- 
chine, by  Smith,  Beaoock,  A  Tannett, 
1ZH ;  Shaping  Machine,  by  Maclea  A 
March,  17H ;  Snaping  Machine,  by  Joahna 
Buchton  A  Co.,  17" ;  Universal  Shaping 
Machine,  by  J.  A  J.  Kershaw.  1B3 ;  Shap- 
ing Machine,  by  G.  A  A.  Harvey,  IRi  ; 
Compound  Lathe  and  Shaping  Machine, 
by  J.  A  C.  8.  Bolinder,  Shaping 
Machine,  by  Madame  de  Coaler,  ill ; 
Conclusion*  as  to  Shaping  Machines,  2«H. 
Shaping  Machine,  Kinder'*,  for  Wood,  by 

Greenwood  A  Batley,  222. 
Sharp  A  Bulmer,  Brick  and  Tile-making  Ma- 
chine by,  2&L. 
Sharp,  Stewart,  A  Co.,  Locomotive  by,  14 : 
Spooling  Machine,  U&i  Engineers'  TimOs 
by: — Double  Faceplate  Lathe;  Machine* 
for  Self-acting  Shaping,  13»;  Bloltine. 
Vertical    Drilling,    Independent  Radial 
Drilling,  LAI;    Slot-drilling,  Bolt,  ami 
Nut-ecrewing,  130.  142 :  Punching  and 
Shearing.  Painting  Machine,  Lkl;  Water- 
injector,  144. 
Shaw,  Charles,  Proportional  Slide*  for  Copy- 
ing Sculptures  by,  M7. 
Shearing  Machines:— by  Tuer  A  Hall,  102; 

by  Houget  A  Teuton,  llfl:  hy  Thomas.TDE 
Sheila,  Moulding  Table  for,  by  Greenwood  A 

Batley.  UL. 
Shepard,  K.  C,  Magneto-electrio  Machine  by, 
for  the  production  of  Hlumiuating  Gas, 
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Shepherd,  II  ill,  A  Co.,  Machine  Tools  by  :— 
Self-acting  Slide  and  Screw-cutting  Lathe, 
178.  1M  j  Self .  .otitic  Break  -  lathe, 
RmM  fur  Planing,  Slotting,  Bench- 
shaping,  ITU. 

Shield'*  Engraving  Machine,  by  Loekett, 
8on»,  A  Leak*,  22H- 

Bickles,  F.  E.,  Steam-steering  Apparatus  by, 

115. 

Biebe,  A.,  Paper-knotting  Machine  by,  235; 

Diving  Apparatus  br,  fi.v 
Biebe,  D.  A  Co.,  Ice.making  Machine  by,  22Z 
Siemens,  C.  W.,  Water-meter  by,  K3,  tM; 

Gaa-Bngin*  by.  hVii. 
Siemens,  C.  W.  A  P.,  Begcneiative  Gas- 

Furnace*  by,  Mi, 
Siemena,  Ualske,  A  Co.,    Telegraph  Wire 

Covernc;  Machine,  ZSL 
Bigaals,  Railway,  12.     (See  Hallway  Plant, 

Fixed.) 

Silhermann,  Air-pomp  by,  *H 

Silver'*  Balanced  Governor,  871. 

Bilk,  Machinery  for  the  Preparation  and  Spin- 
ning of,  by  Wren  A  Hopkinaon,  "1. 

Sill- velvet  Loom,  by  J.  A  H.  Robinson,  115. 

Siuij         «...  Aah'a  Piston  Freezing  Machine 

and  Wine-cooler  by,  17 W. 

Simpson,  K.  K.  A  Co.,  Sewing  Machine*  try, 
122. 


Sinclair,  R  ,  LocomotiTe  by,  LL:  Introduo- 
tion  of  Long-lap  Slide-valves  by.  13,  10. 

Singer,  J.  M.  A  Co.,  Sewing  Machine*  by, 
IjO.127. 

Sinihahli,  Madame,  Machine  for  Manufac 

tartng  Chain  Cable*  by,  2Q&, 
Bisaona  A  White,  Steam  Pile-driver  by,  123. 
Biting  Machine*. — By  J.  Harrison  A  Sons,  M  j 

by  William  Dickinson  A  Sons,  ii6. 
Slide-valve,  Equilibrium,  by  James  Naamylh 

A  Co.,  123. 

Slotting  Machines: — Self-acting  Slotting  Ma 
■  bines  and  Compound  Slotting  Machines, 
by  Joseph  Wbitworth  A  Co.,  122.  l.»l  ; 
Self-acting  Slotting  Machine,  by  Sharp. 
Stewart,  A  Co.,  Ill  ;  Bench-slotting 
Machine.  hyJ.fi,  liaise,  11a  j  Sell- 
acting  Slotting  Machine,  by  Win.  Muir 
A  Co.,  Ill;  Blotting  Machine,  by  John 
Hetberington  A  Sons,  152  ;  8elf.actit>g 
Slotting  Machine,  br  P.  Fairhaim  A  Co., 
112,  17X  »00i  Self-acting  Slotting  Ma- 
chineTby  Shepherd,  Hill,  A  Co.,  1211; 
Self-acting  Slotting  Machine,  and  Connrct- 
ing-rod  Slotting  Machine,  by  Smith,  Bea- 
cock.  A Tannelt.  177 :  Slotting  Machine,  by 
Maclea  A  Marsh,  178:  Slotting  Machine, 
by  Joshua  Buchton  A  Co.,  1X0:  Slotting 
Machine,  by  R.  Hartmann,  iill ;  Couclu- 
sions  a*  to  Slotting  Machines,  aw. 

Slot-drilling  Machines.  (See  Traversing  or 
Slot-drilling  Machines.) 

Slabbing,  Intermediate,  and  Roving  Frames, 
Cotton,  br  Walker  A  Hacking,  let;  by 
John  Hetberington  A  Sons,  £1;  by  Plate 
Brothers  A  Co.,  58:  by  John  Mason,  tit : 
br  Win.  Higginj  A  Sons,  7ll  i  by 
Dobaon  A  Barlow,  flr) ;  by  Beugger,  BX, 

Smith,  A.,  Machinery  for  making  submarine 
Cable*  and  Wire-rope*  by,  2yo, 

Smith,  A..  Loom  for  Weaving  Tufted  Fabrics 
by,  ILL 

Smith,  E  ,  Pointing  and  Carving  Machine  by, 

Smith,  Wm.,  A  Brothers,  Toomsbr:— Woollen 
Loom,  liB;  Half-woollen  Loom,  l'ia ; 
Dama«k  Loom,  Pirn-winding  Machine, 

IffiL 

Smith  A  Coventry,  Machine  Tool*  by :— Screw, 
cuttinir.  Chasing,  and  Slide  Lathe,  130, 
154:  Shaping  Machine,  Bench  Drill,  Self- 
acting  Vertical  Drilling  Machine,  Self- 
acting  Radial  DriU,  Ufa  Planing  Machine, 

Smith  A  Hawket,  Chilled  Roll  by,  2siL 

Smith,  Bearock,  A  Tannett,  Machine  Tools 
hr  —Self-acting  Slide-lathe  with  Tem- 
plate Motion,  Self-acting  Sl.de  Screw- 
cutting  and  Cotter  Turning-lathe,  176 1 
liutlr  r -  lathe,  Self-acting  Shaping  Machine, 
177 !  Slotting  Machine,  17^  Con- 
necting-rod  Slotting  Machine,  Rifling 
Machine  for  Cannon,  1X1;  Universal 
Shaping  Machine,  17S. 

Smith  Brotner*  &  Co.,  Pressure  and  Vacuum 
Gauge*  by,  20JL 

Smoke-consuming  Apparatus,  3l!0.  {See  Fur- 
naces.) 

Societo  Anonyroe,  Mauheuge,  Turntable  by  ,HL 
Softening  Apparatus  for  Water.    {Sit  Pre- 
cipitating Apparatus.) 
Hommelier,  Grandia,  A  Grattoni,  Bock-per- 
forating Machinery  by,  2M. 


Sondermann  A  Stier,  Tube-cutting  Machine 
by.  ana. 

Soul,  M.  A.,  Long's  Salinometer  by,  301); 

Meriton's  Marine  Governor  by,  xrt. 
Spanner,  Adjusting,  by  J.  Ferrabee  A  Co., 

27JL 

Bpencer,  J.,  A  Sons,  Cast-steel  Tyre*  by,  3il; 

Volute  and  other  Springs  br,  32. 
Spherical  Steam  Engine,  by  J.  W.  Gray  A 

Bon,  3J1, 

Spill,  O.,  A  Co.,  Machinery  Beltinc  by,  123. 
Spinning-frame,  Flax,  by  S.  La  »  son  &  Sons, 

Hft. 

Spooling  Machine,  br  Sharp,  Stewart,  A  Co., 

m, 

Spreader,  Longline,  for  Flax,  by  J.  Combe  A 
Son, 

Spreader,  for  Flax,  by  8.  Law  mn  A  Sons,  7t>. 

Springs,  Railway,  22>  [Set  Carriages  and 
Waggon  a.  Details  of.) 

Sprottau  Iron  Foundry,  Corliss  Steam-en- 
gine by,  314. 

Stamping  Apparatus,  213.  {See  Printing  and 
Stamping  Apparatus.) 

State*  Railway  Company  of  Austria,  Loco- 
motives by;— The  Duplex"  Passenger 
Locomotive,  21;  the  "  Stcierdorf "  Tank 
Locomotive,  23. 25. 

Steam,  Behaviour  of,  in  the  Cylinder  of  the 
Steam-engine,  3'X). 

Steam-blast  in  the  Chimney  of  the  Locomo- 
tive, Use  of,  i.  iL 

Steam-carriages,  222  ;  Steam-passenger  Road- 
carriages,  by  Carrett.  Marshall,  A  Co., 
and  br  Yarrow  A  Uilditch,  322. 

Steam-crab,  Portable,  of  five-horse  power,  by 
Ran  some  A  8ims,  416. 

Steam  Crane*,  112.   (Set  Cranes,  Steam.) 

Steam-engine*  and  Boilera,  Stationary  and 
Portable,  222  :  —  The  Horizontal  the 
prevailing  Type  of  Engine  Exhi- 
bited ;  the  Beam-engines  -,  General 
indifference  of  English  Constructor* 
to  Economizing  Fuel,  282  ;  Investiga- 
tions of  the  Author  on  the  Behaviour  and 
Condition  of  Steam  in  Steam-engines,  21*<j 
The  Indicator-diagram  t  The  General 
Bebavjour  of  Steam  in  the  Cylinder.  'ZSHt ; 
the  Behaviour  of  Steam  in  the  Cylinder 
during  Admission,  2Ukt ;  During  Expan- 
sion, aiKl;  During  Exhaustion,  201 ;  Rela- 
tive Pressures  of  Steam  in  the  Boiler,  the 
Valve-cheat,  and  the  Cylinder,  2C2  ; 
Ordinary  Horizontal  Steam-engine*.  202; 
Ordinary  Vertical  and  Beam  Engine*. 
3>»t ;  Steam-engines  Specially  Designed 
for  Effecting  Economy  of  Fuel,  3"U  ; 
Sundry  Steam-engines,  215  ;  Foreign 
Stationary  Engines,  21fl  ;  Stationary 
Steam-boiler*,  32U ;  Portable  Engine*, 
ITJH ;  Traction  Engine*,  332:  Steam- 
carriage*,  221,  ( See  their  a  r  ods  reiptc- 
sirWy.) 

St  earn- engine*  and  Boilers,  Pieces  and  Fittings 
of : — Forgings,  359  :  Firebars  and  Smoke- 
ronsuming  Apparatus,  3111;  Tubes,  Rods, 
Wire,  Ac,  2x11  ;  Hafety. valves,  Water- 
gauges, Water-feeders,  Ac, 2liJ  ;  Pressure- 
gauges,  Ac,  2Ufi ;  Salinorneters,  dull; 
Btram-engine  Governor*,  321;  Sundry 
pieces,  171.  {See  alto  tkttt  keadt  rttpet- 
tittlf.) 

Steam-engines,  Horizontal,  Ordinary  :  — 
High  pressure  Expansion  and  Non- 
condensing  Engine,  and  Vertical  En- 
gine, by  Barrett,  Exall,  A  Andrewe*, 
308.  301;  Horizontal  Engine,  bv  Clayton, 
Shuttleworth,  A  Co. ;  Horizontal  Engines, 
by  Ransorae*  A  Sims,  J_il ;  Horizontal 
and  Vertical  Engine*,  by  John  Imrar ; 
Horizontal  Engine,  br  B.  Hick  A  Son,  by 
T.  M.  Tennant  A  Co.,  br  Wren  A  Uopkin- 
son,  by  Sandys,  Vivian,  A  Co.,  by  J.  Hands, 
by  Bryan  Donkin  A  Co.,  by  Powis,  James, 
A  Co.,  br  D.  Napier  A  Son ;  Horizontal 
Colliery  Winding-engines,  by  Thumewill 
A  Wsrham,  'MKi. 
Steam-engines,  Vertical  and  Beam,  Ordinary: 
—Vertical  Engines,  by  J.  Ferrabee  A 
Co.,  by  W.  Benson,  by  Williamson  Bro- 
thers. 202;  Diagonal  Engine,  by  Routledge 
A  Onunanney  ;  Vertical  Engine*  by  Bel- 
lias  A  Seeking*,  :t"7  :  and  by  Carrett, 
Marshall,  A  Co. ;  Condensing  Beam  En- 
line,  by  R.  Wood  A  Sons ;  Blast-engines 
>y  the  Litleshall  Company,  30*. 
Steam-engines,  Stationary,  specially  designed 
for  Effecting  Economy  of  Fuel: — Hori- 
zontal Componnd-cybnder  Engine,  hy 
Carrett,  Marshall,  A  Co.,  2Qtt ;  by  Walter 
May  A  Co..  212;  Perkins's  Surface- 
evaporator  Condentor ;   Semi  •  portable 


Thermo-eipansive  Steam-engine,  bv  T. 
IL  Wenham,  311 :  Condensing  Stra-s- 
engine,  by  W.  P.  Wilkios,  sis  ,.ve 
alto  Steam  Engine*,  Compound .  *.± 
Ex]>an*iv*-working  of  Steaxn.) 
Steam-engine*,  Stationary,  Foreign  : — I!  ji- 
zontal  Condensing  Engine*  by  Farcot  A 
Sons,  and  by  Lecoutetir.  ;  Utini  ^'il 
Engine  and  Air-pumping  Engine,  by  J.  f. 
Cail  A  Co. ;  Horizontal  Engine,  t<y  \  arr^.  , 
Elwell,  A  Poulot ;  Horizontal  C<>aoVi>wa< 
Engine,  br  Laurens  A  Thomas,  316;  Hon- 
lontal  Colliery  Winding  Engine*,  Vr 
QuiUarq ;  Steam-engine  with  Cnn«d 
Cylinder,  by  Prince  de  Polignac;  Uor- 
zontal  Compound-engine*,  by  SW-nbe,  J 
by  Landisheer ;  Foaaey's  Moruoiruu 
Blowing  Engine,  by  Pcrard,  212  ;  Cor_-M 
Engine*  by  the  Magdeburg-Hamburg 
Steam  Navigation  Company,  and  by  Uw 
Sprottau  Iron  Foundry  ;  Remarks  oa  tV 
Corliss  Engine ;  Woolf  Beam  Engine.  I  f 
P.  A.  KgelU  ;  Borizont*l  Coodeus;- • 
Engine,  by  R.  Hartmann  ;  Kotarr  Steaa 
engine,  by  E.  Scbeutx,  319;  Allen  En- 
gine, Horizontal,  by  C.  T.  Porter,  2U. 
Steam-engine*,  Portable,  Sift  \ — The  Demar.l 
for  Portable  Engine*  ;  Portable  Es(-sn. 
by  Ransome*  A  Sims,  !W« ;  Biddeil  i 
Balk's  Boiler,  with  Moveable  Tube*.  SH. 
Portable  Engine*,  by  Tuxford  A  Son :  ><v 
Huston,  Proctor,  A  Co..  3S9 ;  by  E.  S. 
A  F.  Turner,  by  Ashby  A  Co.,  hr  'Burre-, 
228;  by  Robey  A  Co.,  by  Garrett  A  Sol, 
by  Hornsby  A  Sons,  22Q ;  by  K.  B.  AUea. 
by  Brown  A  May,  by  Clarion.  Sbctlie- 
worth,  A  Co.,  by  Barrett,'  Ex*Jl,  A  At- 
drewes,  22L 

Foreign  Portable  Engines,  br  Ca;, 
nalot,  A  Co.,  by  the  Cologne  l.'n .re- 
building Company,  br  De  Coster,  bv 
Durenne,  by  J .  F.  Cail  A  Co. 

Semi-portable  Engines  l>v  Appleby  Br  - 
then,  by  T.  M.  Tennant  A  Co  .by  Uornstt 
A  Sons,  by  Rsnsome*  A  Sim*  ;  Th«-m>  - 
expansive  Portable  Engine,  by  F.  ft. 
Wenham;  Portable  En  erne,  with  Moveahv 
Boiler,  by  Laurens  A  Thomas, 
Steam-engines,  Traction.  (See  Traction  E> 
ginea.) 

Steam-engines,  Marine  i — Conditions  whack 
Regulate  the  Designs  of  Manne  En<~u>**. 
33S:  Comparative  IHook  ElrvalKwis  . 
Screw  Engines,  22B;  Marine  Engine*,  W 
Maudslay,  Son*,  A  Field,  3J2 ;  Mans- 
Engines,  by  Jnhn  Peon  .V  Son.  343  ;  Marw 
Engine*,  by  Uumphrvs  A  Tennant,  HI. 
Marine  Engine*,  by  Ravenhill,  SsUkeU,  : 
Co.,  341 ;  Horizontal  Screw-engine*  via 
Trunks,  3tB ;  Other  Horizontal  Seres- 
engine*,  221  j  Inverted-cylinder  Seres- 
engine*,  S&2;  Obbque  Engioea,  W ; 
Foreign  Maiine  Engines,  "tr. i  ;  Conclai 
Remarks  on  the  Marine  Engioea,  XiS 
{Set  alto  tkett  ktadt  rttttetitttf.) 

Steam -engines.  Marine,  Foreign  : — Direct- 
acting  Screw-engines,  by  the  "  Forges  ft 
Chantier*."  3M ;  and  by"  NiUua,  SaS.  Co*, 
pound. Cylinder  Engines,  by  Freatadiiu. 
and  by  Escher,  Wvs*.  A  Co',  2o2. 

Steam-engioes,  Marine,  Horizontal  Serev 
Trunk. — Horizontal  Screw  T  runk  Eagiasv 
for  the  Spanish  Frigate  Qtrtma,  by  Joas 
Penn  A  Son  ;  Direct-action  Single-trurk 
Screw  Engine*,  for  1LM.S.  Rrtndrrr,  bv  J. 
A  G.  Rennie,  2ML  Engine*  on  Allen's  ><  »■ 
tem  :  Direct-action  Horizontal  Screw  K- 
gines,  for  H.M.S. Hector  by  Robert  Napar 
A  Sons ;  Drawings  of  the  Engine*  n(  the 
Persia,  by  D.  Kirkaldy.  »4H .  Ann  fr 
tion  Trunk  Engine,  by  T.  W.  Cowan,  Si": 
Double. expansive  Marine  Engines  irr  - 
dels)  by  B.  E.  Allen,  22il  {ttt  also  p.  XTJ : 
Three-cylinder  Trunk  Engine*,  by  Kao«- 
elden  A  Co.,  250. 

Steam-engines,  Marine,  In  verted -crUndrr, 
Screw :— By  T.  Richardson  A  Son.  for  tV 
Ckartnft  and  the  7>ae«««'*,  2dl ;  Vr 
Robert  Morrison  A  Co.,  for  tbe  Jurklm, 
by  Tod  A  Macgregor,  for  the  .Van  ( « ' » . 
2£2;  Remarks  on  Inverted-cylinder  L:- 
gines,  -tS7 

Steam-engines,  Marine,  Concluding  Reman, 
ou  the,2^S : — The  Improvement  in  SobVury. 
Accuracy,  and  Finish  of  Workmanship; 
System  adopted  for  Compressing  the  Bau 
of  the  Horizontal  Marine  Engine,  by  tbe 
Trunk,  br  tbe  Double  Piston-rod,  3tf 
by  the  Snort  Connecting-rod ;  Inverted 
Cylinder  Engines,  "Ou.;  Paddle  Engines; 
Necessity  for  Balancing  the  Reoprocatiae' 
and  Revolving  Parts ;  Econosusug  u 
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Furl;  Compound-cylinder  Engine*,  338 ■■ 
Kxpausion  Gear,  369, 
tetain-engine*,  Compound.  L.  Stationary  and 
l'ort  aide-engines : — Horizontal-engine,  by 
\\  »:t-r  May  ft  Co.,  313;  Thermo-expan- 
bit©  Engine,  by  F.  H,  Wenham,  311; 
Condensing  Beam-engine,  by  W.  P.  W d- 
kins,  315;  Horizontal-engine,  by  Scribe, 
Ml  7  ;  Horizontal-engine,  by  Landuheer, 
All  ;  Woolf  Beani-engine.  by  F.  A. 
Egella,  318 1  Double  Single-trunk  Port- 
able-engine,  by  E.  K.  Allen,  ML 

2.  Marine-engine*:  —  Direct-acting  In* 
verti'd-cvlinder  Engine*  for  the  Uoollan, 
by  Humphry*  ft  Trnnant,  ill;  Double 
expansive  Marine-engines,  by  E.  E.  Alien, 
:i.»n ;  Oblique-engines  for  the  Cv*tta*et, 
by  Randolph,  Elder,  ft  Co.,  351:  Horizon' 
t*J  Screw-engine,  by  Frestadius,  Alili ;  Pad- 
dle-engine*, by  Escher,  Wyss,  ft  Co.,  333; 
Remarks  on  Compound  Cylinder-engine*, 
:t'.i 

Steam-boiler*,  Stationary.— Double-flue  Boil* 
era  in  ordinary  use,  320 :  Multitubular 
Boiler*,  RemoTable  Fire-boxes  and  Flue- 
tube*.  Comparative  Safety  of  Multitubu- 
lar Bciilers;  Explosion  of  Boiler*;  Projec- 
tile Theory,  by  the  Author  of  the  Violence 
of  Boiler  Kxplotions,  221 ;  Professor  Ban- 
kine  on  the  Expansive  Energy  of  Heated 
Water,  323 :  Double-flue  Boiler*  em- 
ployed at  the  Western  Annex,  by  B.  Dick 
ft  Son;  Multitubular Boiler, by IL  Cater; 
Galloway  Boiler,  by  W.  *  J.  Galloway, 
32 1 i  Upright  Boiler*,  by  T.  Dunn  ft  Co., 
by  B.  Armstrong;  Diagonal-aeam  Boiler, 
by  K.  T.  Wright  ,  Cast-iron  Boiler,  by 
.1.  Harrison,  321:  Multitubular  Boilers, 
by  Laurens  ft  Thomas,  by  Farcot  ft  Sons, 
aiid  by  Zambeaux  ;  Botary  Boiler,  by  F. 
(irimaldi,  32IL 
Steam-boilers  for  Fire-engine*:  —  Edward 
Field'*,  by  Merry  w  eat  her  ft  Sod,  3UZ  ;  by 
Hhand.  Mason,  ft  Co.,  j>n;  by  Lee  ft 
Earned,;:)1,'*;  Wellington  Lee's,  by  Eaaton, 
Amos,  I  Hons,  -101. 

8 team-hammer*,  US.  by  J.  8.  Hulse, 

Mgi  Jame*  Naamyth  ft  Co.,  lot  ;  The 
K. rWnt-.ll  Forge  Company  (Naylor's),  198, 
210:  Bobert  Morrison  ft  Co.,  11*^  flOi 
ITuo-well  A  Clark,  lW);  Thwaitei* 
Carbutt,  J.  Rhodes,  ioajGlen  A  Horn ; 
Eastwood  A  Sons,  2Q1 ;  Carrett,  Mar- 
shall, *  Co.,  '.JUI,  210;  Allan  C.  W)lie 
(Coodic's)  202,210  ;"Tinray,  T.  W.  Cowan, 
103  ;  Foreign  Steam  Hammer*,  by  Farcot 
ft  Son*;  Varrall,  Klwell,  ft  Poulot  (Nay- 
lor's) ;  Schmerber  Brothers ;  Rothschild 
Brother* :  Schwartikopf,  21A1. 

Steam  Pile-driver,  1£2_l— Naamyth's  Steam 
Pile -driver ;  Steam  Pile-driver  by  Sisaona 
ft  White,  422, 123. 

Steam-steering  Apparatus,  by  F.  E.  Sickle*, 

11a. 

8 team- traps,  3fli  : — Steam-trap,  by  Oxley  ft 
Co.;  Steam-trap,  or  Drain-apparatus,  by 
Pouganit.368;  Syphon- box,  or  Steam- trap, 
by  Sehaffer  A  Budenberg,  3*i7. 

Steam-winche*,  413.   (Are  Crane*,  Steam.) 

steel,  Cast,  Work*  in,  by  Krupp,  dilL 

Steel,  IE.  Steam-pump  by,  3HS. 

Steering  Apparatus,  Steam,  by  F.  E.  Sickles, 
41 H. 

Stephenson  Tab*  Company,  Seamless  Brass 

and  Copper  Tubes  by,  t, 
Stevens,  E.,  kneading  Machine  by,  271. 
Stevens  ft  Sod,  Semaphore  Signal  by,  ±1. 
Stirling  P..  Trial  of  Beattie'*  teedwater- 

heater  by,  JL 
Stirling's  Water-meter,  403. 
btitelie*: -Stitch,  Chain,  Single-loop  or,  110  ; 

Double-Chain-stitch,  ILLi  Lock  Stitcl, 

119:  Bunning-stitcb,  118 ;  Shoemaker's 

Sliteh,  11H. 

Stone  and  Clay,  Machine*  for  working  in,  111 ; 
Machine*  for  working  in  Stone,  217 : 
Victoria  Quarts -crushing  Machine,  1  : 
Machine*  for  working  in  Clay,  262.  (3m 
nho  i\r*9  htmlt  rtiprctirtlf.) 

Stone,  Machines  for  working  in : — Grinding 
Mill,  by  Neal;  Grinding  and  Levigating 
Apparatus  by  IL  GoodaU;  Double. acting 
Composite  Mill,  by  T.  Carr.  2l7j  Disinte- 

fralor,  by  T.  Carr ;  Centrifugal  Crushing 
lactone,  by  H.  T.  Balfour,  213;  Grinding 
Mill,  by  Fauconnier;  Stone- breaking  Mi- 
dline, by  Blake  Brothers,  2Jfi ;  Bock-per- 
forating Machinery,  by  Sommelier,  Grandi* 
and  Grattoni,  'HSU 
Stone-breaking  Machine,  Blake  Brothers', 
2». 

Stop  Valves  and  Cocks,  4_£  :—  Stop  and  Let-off 


Cocks,  by  E.  T.  Bellhouse  ft  Co.,  394  : 
Stop  or  Let-off  Equilibrium-valve,  by  Peel, 
Williams,  ft  Peel,  2115  ;  Straightway  Stop, 
valves,  by  W.  P.  Wilkins,  and  by  John 
Beck  ;  Stop- valve  with  India-rubber  Disc, 
by  T.  Lambert  ft  Son ;  Adam  as  Tap*,  by 
xL  Leoni,  407. 
8tothert  ft  Pitt,  Machine*  for  Striking  and 
Scraping  Leather  Hide*,  and  for  Boiling, 
by,  2U2. 

Straight -link  Motion,  by  A.  Allan,  13,  lfl  ;  by 
J.  Ferrabee  ft  Co.,  SJJfi. 

Strainers,  Paper.   {Set  Paper-strainers.) 

Stratford,  W  ,  Air-diffused  and  Smoke-con- 
suming Furnace,  JUL 

Sugar  and  Oil,  Machine*  for  working  in,  257 ; 
Sugar  Mills,  to"  i  Sugar-refioing  Appa- 
ratus, Ac..  aaiTOil-mill  Machinery,  1W; 
Confectioners'  Machinery,  223. 

Sugar  Milla  : — Introductory  Remarks,  2LZ  ; 
Sugar  Mill  and  Engine*,  by  Mirrleos  ft 
Tail,  2SH  :  by  W.  A  A.  M'Onie,  200 ;  by 
Fawcett,  Preston,  ft  Co. ;  Cattle  Mill,  by 
W.  ft  A.  M'Onie,  201;  Portable  Sugar 
Mill,  by  J.  C.  Wilson  ft  Co. ;  Sugar  Mill 
Engine,  by  J.  F.  Call  ft  Co..  ML 

Sue*  r- re  lining  Apparatus Ac: — "Triple-effet" 
Vacuum  •  pan  Apparatus  and  Vacuum 
Engine,  by  Forrester  ft  Co. ;  Vacuum- 
engiue,  Steam  Hydraulic  Pnmps,  Hy- 
draulic Pre**,  and  8 lop  or  Let-off  Equi- 
librium Valve,  by  Peel,  Williams,  and 
Peel,  MQj,  2*LL  Aspinall's  Open  Eva- 
porating Pan,  by  Fawcett,  Preston,  ft  Co. ; 
Boor  Pan,  by  D.  Cook  ft  Co.,  2S5_;  Cen- 
trifugal Drying  Machine*,  by  Manlove, 
Alliott,  ft  Co.,  and  by  D.  Napier  ft  Son ; 
"Triple-effet  Vacuum-pan  Apparatus, 
and  Centrifugal  Machine,  by  J.  F.  Cail  ft 
Co. ;  Vacuum-pan.  by  Legal ;  Vacuum- 
pan  Apparatus,  and  Centrifugal  Machine, 
by  Cau,  Halot,  ft  Co. ;  Vacuum-pan,  by 
Heckmann;  Sugar-mould*  of  Papier- 
mache,  by  Kromg.  2KB. 

Summeracale*  ft  Son,  Washing  Machine  by, 
1.1',  _kilL 

Surface-plate*, by  P.  Fairhairn  ft  Co.,  17fi. 
Swan's  Self-acting  Lubricator,  by  Gwynne  ft 

Co..  ill.  liL. 
Switches  A  Crossing*,  33,  (See  Railway  Plant, 

Fixed.) 


TatLBOCia  ft  Co.,  Stocking  Loom  by,  LLL 
Tambouring  Machine,  by  Newton  ft  Archbold, 
118. 

Tangye  Brother*  ft  Price,  Hydraulic  Lifting. 

jack  by,  .LIE 
Tapling,  B.  D„  ft  Co.,  Traction  Engine  by, 

334. 

Taps,  Adamaa,  by  8.  Leoni,  407. 

Tap*.  Hughe*'*,  SAX. 

Taurines,  Dynamometer  by,  3*2 . 

Taylor,  Jamas  ft  Co.,  Traction  Engine  by, 
336;  Steam- winch  by,  411. 

Teasing  Machine*.  Wool,  7JL  (Stt  Wool 
Machinery.) 

Telegraph  Cable  Machine* :— Telegraph-wire 
Covering  Machine,  by  Siemens,  Halske.  ft 
Co.,  289 :  Machinery  for  making  Sub- 
marine Cable*  and  Wire-rope*,  by  A. 
Smith,  S«!L 

Tenbrinck,  Coalburning  Firebox  by,  17. 

Tender,  Rainsbottom's  self-feeding,  Li. 

Ten  nan  t,  T.  M.,  ft  Co.,  HorisnnUl  Steam- 
engine  by,  325 ;  Semi-portable  Engine  by, 

Tenoning  Machine*  for  Wood : — Double- 
tenoning  Machine,  by  8.  Woraaam  ft  Co., 
21  ft ;  Mortising,  Tenoning,  and  Boring  Ma- 
chine, and  Double-tenoning  Machine,  by 
Fowls,  Jam**,  ft  Co.,  210 :  Tenoning  Ma- 
chine, by  Thomas  Bobinson  A  8  ins,  220 : 
Tenoning  Machine,  by  Bernier  ft  Arbey, 

no. 

Tentering  and  Drying  Machines,  by  Lee 

Norton,  72,  116. 
Testing  Apparatus  for  Water,  by  F.  1L  Dan- 

chell  A  Co  ,224. 
Testing  Machine*  :— Bt  Greenwood  A  Ratler, 
for  Wire,  HU  ;  for 'Steel  and  J  ron.  iil ;  b^ 
Harvard,  Tyler,  ft  Co.,  for  Girders,  385  : 
by  T.  WoradcU,  for  Win 
ilfl. 


i'lre  and  for  Girders, 


Textile  Fabrics,  Machinery  for  the  Preparat  ion 
and  Spinning  of : — Cotton,  11 ;  Wool,  7J  ; 
Flax,  Hemp  and  Jute,  Tic  bilk,  tUL. 
tkttt  tuads  rrrpecYire/jp.J 

Textile  Fabrics,  Mschinery  for  Weaving,  81— 


Thermo-expanslve  Steam-engine,  br  F.  H. 

Wenham,  314. 
Thomaa,  Shearing  Machine  bv,  11(1, 
Thomas.  W.  F.  ft  Co.,  Sewing  Machine  by, 

118,  Uii. 

Thompson,  B.  IL.  Cnirenal  Joiner  by :  Tree, 
feller  by ;  and  Horizontal  Sawing  Machine 
by,  221. 

Thomson,  Professor  James,  on  the  Condition 
of  a  Vortex,  or  "  Whirlpool  of  free  Mo- 
bility" 3£L 

Thomewill  ft  Warham,  Horizontal  Colliery 
Winding-engine  by,  3<>5. 

Throstle*  or  Throstle-frames,  Cotton  : — Ordi- 
nary Throstle,  and  Hall's  Throstle,  by 
Walker  A  Hacking,  ill;  Throstle*,  by  John 
Hetherington  ft  Sons,  &3;  by  Piatt  Brothers 
ft  Co.,  SO^s  by  John  Mason.  B4 :  by  Wil- 
liam  Higgina  ft  Sons.aij  by  Wren  ft  Hop. 
kinson,  hX 

Tlirostle,  Wool,  by  Merrier,  75. 

Thwaite*  ft  Carbutt,  Steam-hammer  by,  20Q. 

Ticket,  Railway,  Printing  and  Numbering 
Machine,  by  Waterlow  ft  Son*,  24L. 

Tobacco,  Machine*  for  working  in,  and  for 
Pipe*  : — Tobaoco-spinning  Machine,  by 
Voigtliinder ;  Cigar-making  Machine,  by 
De  Bary,  293;  Machine  for  making  To. 
bacoo-pipe*,  by  J.  G.  Reynolds,  21U. 

Tod  ft  M'Gregor,  Inverted-cylinder  Marine 
Screw-engine*  for  the  XauqUy  by,  353. 

Tools,  Machine,  12B.  (Stt  Iron,  Machine 
TooU.) 

Topham,  Elastic'  Botary  Cleaner  and  Polisher 

by,  2Q3. 

Tow  Up  Machine,  by  J.  Combe  ft  Son,  SO. 

Traction-carriage,  by  T.  Agudio,  23. 

Traction-engines,  332.;  Kemarks  on  Road- 
traction,  332;  Bray'*  Traction-engine*,  by 
Bray'*  Traction-engine  Company,  333; 
Boy  dell's  Traction-engine,  by  Burrell ; 
Aveling's  Agricultural-engine,  by  Aveling 
ft  Porter,  334 ;  Traction-engine*,  by 
Bobey  ft  Co..  by  Taplin  ft  Co.,  by  Taylor 
ft  Co.,  aa&;  by  0.  B.  King.  Sjjfl, 

Traversers,  Railway,  by  T.  Dunn  A  Co.,  3JL 

Traversing  or  Slot-drilling  Machine*  : — Slot* 
drilling  Machines,  13±L;  Self-acting  Slot- 
drilling  Machine,  by  Joseph  Whitworth  ft 
Co., 135;  8*lf.*cting81ot-driUing  Machine, 
br  Sharp,  Stewart,  ft  Co.,  1 13 ;  Duplex 
Mortising  and  Grooving  Drilling  Machine, 
br  A.  Shank*  ft  Co.,  102:  Slot-drilling 
Machine,  by  R.  Hartmann,  2'>1 ;  Conclu- 
sion* as  to  blot-drilling  Machines,  2"!i. 

Tree- feller,  by  R.  IL  Thompson,  22L 

Treses,  IE,  on  Wagner'*  Water-softening  Ap- 
paratus, 278 ;  on  Centrifugal  Pumps,  3Zg  ; 
on  Water-meter*.  404;  on  Hot-air  Engines, 
407 ;  on  Lenoir* ■  Gas-engine,  4UB. 

Trouillet ,  Mechsnical  Counter*  by,  213. 

Truss,  T.  3..  Cushioned  Railway  Chair  by,  &; 
Elastic  Pipe-joint  by,  43£L 

Tube-cutting  Machine*  :— By  Kendall  ft  Oent, 
191 ;  by  Sondermann  ft  Stier,  2' IV 

Tube*,  Rods,  Wire,  Ac.,  311L^i Articles  of 
Copper  and  Brae*  ;  and  Rollers,  Cy- 
linuers,  and  Bowls,  by  Newton,  Keats, 
ft  Co.  ;  Tube*,  by  the  Broughton 
Copper  Company,  351;  Wrought -iron 
Tube*,  by  Eadio  A  Spencer :  lira**  and 
Copper  Tube*,  and  Copper  Wire,  by  A. 
Everett  ft  Son* ;  Iron,  Brass,  and  Copper 
Tube*,  and  Hughes's  Tap*,  br  the  Irupe. 
rial  Iron  Tube  Company  ;  Wrougbt-irun 
Tube*  and  Fittings,  by  Lloyd  ft  Lloyd  ; 
i  .'  ■  ii -j 1  lint 9  and  Pipe-nttings,  and  Heap's 
Pipe-cutter,  by  Louch  ft  Co.  ,  Iron 
Tillies  and  Fitting*,  by  Rus*ell  ft  Sons, 
382 ;  Iron  Tubes,  by  Russell  ft  Co. ; 
Seamles*  Bras*  and  Copper  Tubes,  by  tho 
Stephenson  Tube  Company,  h!±L 

Tuck.  J.lLft  Co.,  Ela*tic-core  Packing  by, 
374. 

Tucr  ft  Hall,  Machine*  by  : — Nankeen  Loom, 
99;  Fancy  Loom,  loO ;  Tapestry  Loom, 
IoT;  Shearing  Machine,  1112. 

Tut  bines,  390 :— Professor  Rankin*  on  Tur- 
bines; Classification  of  Turbine*  ;  Four- 
neyrnn Turbine.br  Easton,  Anion,  A  Sons; 
Parallel-flow  Turbine,  by  Brvan  Hookin 
ft  Co..»*0  ;  Parallel-flow'Turhine*,  bv  the 
North  Moor  Foundry  Company;  lligb- 
preasure  Balauced  Turbine,  by  Richard 
Bobert*  ft  Co.;  Fontaine  (parallel-flow) 
Turbine,  by  Fontaine  A  Brault :  Vortex 
or  Inward-flow  Turbine,  by  Williamsoj 
Brothers,  3UL 

Turner.  E.  B.  ft  F„  Portable  Engines  br.  320. 

Turntable*,  HaUway,  JSL.  (&*  Railway  Plant, 
Fixed.) 

Tuxford  ft  Son,  Portable  Engines  by,  33d. 
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Twirting  Machine*  for  Wool,  75. 
Tyler,  Hayward,  A  Co.,  Impregnating  Appa- 
ratus by,  278;   Bottling  Apparatus  by, 
282 ;  Ht draulio  Presses  fur  Expressing 
1  i  ii  c  t  iros  and  Testing  Iron  Girder*  by,  394. 
Tylor  A  Sons,  Impregnating  Apparatus  by, 

278 ;  Bottling  Apparatus  by,  3*2. 
Type  Composing  and  Distributing  Machines  : 
—By  Young's  Patent  Type  Composing 
and  Distributing  Machine  Company,  and 
by  Delcambre,  236,  237. 
Type-founding  Machine*: — Type-casting  and 
Finishing  Apparatus,  by  Johnson  A 
Atkinson;  Type-casting  Machinea  by 
H.  Bealey  A  Co.,  and  by  Haas;  Advau- 
rea,  £W. 


U. 


fiiLHOB  -- ,  Coining  Prwa  hy,  231. 

tllmer,  K.  A  W  .,  Single-cylinder  Printing 

Machine  by,  212. 
Universal  Joiner,  by  B.  H.  Thompson,  221. 


V. 


Vicrcit-rAH  Apparatus,  i  Set  Sugar-refining 
Apparatus.) 

Varrall,  Rlwell,  k  Poulot,  Planing  Machine 
by,  204;  Nay  lor' s  Steam-hammer  by, 
206;  Portable  Steam-band  Saw  by,  236  j 
Horizontal  steam-engine  by,  316. 

Ventilators.  {Set  Fans,  and  Buildings.) 

Vernay,  Portable  Elevator  by,  422. 

Vicars,  T.  A  T.,  A  Co.,  Kneading  Machine) 
by,  272  ;  Trarelling  or  Bailsray  Ovens  by, 
272,  273. 

Vicenai,  Jacquard  Machine  by,  112. 
Yieker*.  A  ,  Lewi  Crossing  Gate*  by,  43. 
Victorian  Exhibition,  Commissioners  of  the, 
Twelve-Stamper  Battery  for  Crushing 
Quarta  by  f  250. 
Vienna  Imperial  and  Royal  Commission  for 
the  Ventilation  of  Military  Hospitals, 
Dr.  HegtVa  Screw  Ventilator  by,  413. 

by, 


•main,  Fringr-tnaking  Machine  by,  116. 
oigl lander,  Tobacco- spuming  Machines 


{Set  Carriages  and 
ApparmtM,  by 


WaoGOiri,  Railway,  26, 

Waggons,) 
Wagner's    Water-aoft  Cuing 

Dorenne,  276. 
Wahl  A  Socio,  Jacquard  Ribbon  Looms  by, 

Walker  A  Hacking,  Cotton  Preparing  and 
Spinning  Machines  by  ;— Cotton-opener, 
46;  Single-scutcher,  with  Lap- ma  chine, 
47,60;  Single  Carding-ciigina,  47  ;  Draw- 
inc-frame,  Slubbing-firame,  and  Interme- 
diate-frame, 48  ;  Jack-frame,  Throstles, 
Hall's  Throstle,  Parr'a  Self-acting  Mule, 
49 ;  Smith'a  Self-acting  Mule.  60. 

Walker,  T.,  A  Bon,  Quadrant  Alarm  Water- 
gauge  by,  364. 

WarchaloTsky,  Sewing  Machine*  by,  127, 

Ward,  F.  O.,  Double-acting  ~ 
lie  Puropa  by,  394. 

Ward.  O..  lfealJ-knitting  Machine,  115. 

Warne  A  Co.,  ConsoUdated  Emery  Wheels 
by,  2»t. 

Warp'ing  Machine* :— by  J.  Harriaon  A  8ona, 

63 ;  >y  C.  Parker  A  none,  111. 
Washing  and  Mangling. Machines,  426  :-De- 
acription  of  the  Process  of  Washing ; 
Oscillating  Waahing  Machines  by  T.  Brad- 
ford,  by  Hornsby  A  Bona,  by  K.  Weir,  426, 
127;  Preaaing  or  liubbiug  Machines  by 
T.  Bradford,  by  Brigga  A  8tarkey,  by  Wil- 
liamson, and  by  Muggridge,  427,  428; 
Hotary  or  Daah  Wheels,  by  Hargreayea, 
by  Lanadale,  by  Pearson  A  Co.,  and  by 
Suromerscalea  A  Son.  428,  429.  The 
Wringing  Process,  which  is  the  same  in 
all  Washing  Machines,  429,  430. 
Water,  Machines  and  Apparatus  for  working 
in.  274 ;  the  Purification  of  Water,  274 ; 
Water-distilling  Apparatus,  274;  Filtering 
Apparatus,  275  ;  Precipitating  Apparatus, 
276;  Ice-making,  Freezing,  ana  Cooling 
Machinee,  277 ;  A  Crated- water  Apparatus, 
278.  (Set  alto  thett  keadt  rttpectivtlf.) 
Water-feeders  for  Steam-boilers,  363.— Self- 
acting  Boiler- feeder,  by  Boutledge  A 
;  Water-injector,  by  Sharp, 
Co.;  Sclf-fecding  Apparatus 


for  Boilera,  by  Oargan  A  Co.;  Electro- 
magnetic Feed -water  Regulator  by 
Achard,  365.  {Set  GifTard  a  Water- 
injector.) 

Water-gauge*  for  Steam-boiler*,  364  ;  Quad- 
rant Alarm  Water-gauge,  by  T.  Walker  A 
Son;  Boiler- guardian,  by  F.Wise,  364; 
Flat-glass  Water-gauge,  by  J.  Chandler ; 
Magnetic  Water-gauges,  by  Letbuillier- 
Pinel,  365;  Low-water  Indicator  and 
Whiatle,  by  Scbaffer  and  Budenberg,  369. 

Water-meters,  402  j  Historical  Notice  of 
Water-meters  ;  Classification  of  Water- 
meters  ;  Water-meter  by  Siemens  ;  Teat 
br  M.  Treeca;  Chad  wick  A  Froat'a 
Water-meter*,  by  the  Manchester  Water- 
meter  Company,  404;  Jophng's  Water- 
meter,  by  T.  Lambert  A  Son;  Double- 
cylinder  Meter,  by  J.  Duncan.  405; 
Water-meter,  br  W.  Dingwall;  Hydro- 
meter for  Distilleries,  by  Sacre ;  Conclu- 
sions, 406. 

Water-pressure  Engine*,  393;  Water- pressure 
Engines,  by  Sir  W.  G.  Armstrong  k  Co., 
393 ;  Joy'*  Hydraulic  Organ-blower,  by 
Carrett,  Marshall,  A  Co.,  394. 

Water-wheel,  by  K.  O.  Richard.  394. 

Waterlow  A  Sons,  Railway-ticket 


A  Wat- 

by, 


Wataon,  H.,  Bl 
Watson's  Beer 

eon,  406. 
Weatherley,  H., 

273. 

Wearing  Machinery :— History  of  the  Calico 
Loom,  84 ;  Definition  of  Weaving,  Inven- 
tion of  the  Fly-ahottle  by  John  Kay;  the 
Friction  Pace,  84;  Invention  of  the  Power- 
loom  by  Cartwright  and  by  Jeffray  ;  the 
Protector,  and  the  Taking-up  Motion,  by 
Millar,  85 ;  Increased  Production  of  the 
Power-loom :  the  Wiper  by  Millar ;  the 
Crank  by  llorrocks;  Dressing,  Sizing, 
the  Slasher;  their  Advantages,  Mi ;  Hands 
and  Fingers  by  Rams  bottom  A  Holt ; 
Detector  by  Kenworthv  k  Bullough  ;  the 
Loose  Reed  by  Bullough,  87 ;  Break  by 
Sellers,  Taking-np  Motion  by  Kenworthy 
A  Bullough;  Letting-back  Motion,  temple, 
88 ;  Note  by  the  Author  on  Power-looms, 
88. 

Historical  Account  of  the  Jacquard 
Loom,  89. 

Weaving  Machinery  by  J.  Harrison 
A  Sons,  93;  Machinery  by  William 
Dickinson  A  Sons,  95 ,  Machinery  by 
J.  Dugdal*  A  Boot,  97;  Loom  by 
Booth  A  Chambers,  99;  Loom  by  Piatt 
Brother*  A  Co.,  99;  Machine*  br  Tuer  A 
Hall,  99 ;  Looms  by  W.  Smith  A  Brothers, 
102 ;  Loom*  by  George  Hodgson,  106 ; 
Looms  by  G.  Hatteraley  A  Son,  108; 
Machines  by  the  Anderston  Foundry 
Company,  107 ;  Loom*  by  J.  A  W. 
Whitesmith,  108 ;  English  Carpet-looms, 
109 ;  Flax  and  HempWeaving  Machinery, 
by  0.  Parker  A  Bona.  110 ;  Foreign  Looms, 
111;  Sundry  Machine*,  116.  {Sit  also 
theie  \tuAingt  rttptetietl)/.) 
Weighing  Crab,  Hind's,  by  B.  Kitchin,  43, 
420. 

Weighing  Crane,  by  D.  Hart,  420. 
Weighing  Elevator,  Portable,  by  Vernay, 

Weighing  Machines,  40.  {Ste  Fixed  Railway 
Plant.) 

Weir,  E.,  Waahing  Machine  by,  427,  429. 
Weisenthal,  Embroidery  Machine  by,  117. 
Wenham,  F.  H.,  Semi-portable  Thermo-ex- 
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We*ton,  T.  A.,  Differential  Pulley-block*  by, 
421. 

Weston  k  Horner,  Mortising  Machine  by,  225. 
Wheeler  A  Wilson,  Sewing  Machine*  by,  122, 
123. 

■Wheel*,  Arbel's  System  of  Forging,  19. 
Wheels,  Railway,  Detail*  of,  29.    {See  Cor- 

riages  and  Waggons,  Railway.) 
Whight  A  Mann,  Sewing  Machine  by.  126. 
Whirlpool-pump,  by  Williamson  Brothers, 

White,  Joseph.  Oil-feeder  by,  421. 
Whitesmith,  J.  and  W.,  Weaving  Machinea 

by ;  Check  Loom*,  Antifriction  Winder, 

108, 109. 

Whitmore  A  Sons,  Flour  Mill  and  Steam 

Engine  by,  268. 
Whitney-gin,  45. 

Whitwo  rth,  Joseph,  A  Co.,  Machine-tool*  by:— 
Self-acting  Fool-lathe,  Belf-acting^jithe. 


131  ; 


Planing 


Machinea,  132,  208 ;  Iniversal  Stwpsg 
Machine,  Self-acting  Slotting  Macau-,, 
133  ;  Self-acting  Compound  Slotting  Ms- 
chine,  Self-acting  Vertical  Drilling  sad 
Boring  Machine*.  134 ;  Self-acting  Kadal 
Drilling  Machine.  Self-acting  Slot-dru!  -  ; 
Machine,  135;  Self-acting  WbeeJ-cuUiEj 
Machine,  Self-acting  Nut-shaping  Ma- 
chine, Punching  and  Shearing  Maehne. 
Brier's  Forging  Machine,  137 ;  SaaTij 
Machine  for  Hot  Iron,  Boh  and  >'«e- 
acrewing  Machine,  Hand-eorewing  Appa- 
ratus, 138 ;  Internal  and  External  Cjba- 
drieal  Gauges,  139. 

Wirkersbam,  Friction  Feed-motion  for  Sewc< 
Machine*  hy,  119. 

Wilcox' a  Hot-air  Engine,  by  C.  H.  Detoiac, 
407. 

WUd,  C.  H.,  Fiah  Platea  br,  34. 

Wilkins,  W.  P.,  Straight-way  Stop-valve  br. 

407 1  Compound  Condensing  Steam-engiv 

by,  316. 

Waicox  A  Gibba,  Sewing  Machine*  by.  124. 
Williamson  Brothers,  Vertical  ateam-engme 

by,  306. 

Williamson,  Washing  Machine  by,  427,  499. 

Williamson  Brothers,  Centrifugal  Pump, 
made  with  an  exterior  Whirlpool  H, 
382 1  Vortex  or  Inward-flow  Turbine  by, 
391. 

Wilaoo,  E.,  Coal-burning  Fire-box  by,  4.  *. 
Wilann,  J.  C,  A  Co.,  Portable  Sugar-mill  br, 
262. 

Wilson,  Newton.  A  Co.,  O rover  A  Baker  > 

Sewing  Machine*  by,  125. 
Wilson,  W„  Brick-making  Machine  by.  ra. 
Wilson  or  Johnson,  Four-motion  Feed  !■-• 

Sewing  Machinea  by,  119. 
Win  and,  P.,  Double-sai'rty  Lifting  Jack  by, 

422. 

Winches,   Steam.     {See  Steam  Crane*  a- . 

Winches.  J 

Winding  Machine*  for  Thread:— Pirn-wind;-,- 
Machine*,  by  Messrs.  Hopkinson,  B< 
Winding  Machine,  by  J.  Harrisoa  I 
Son*,  92;  Winding  Machine,  by  J.  Daf- 
dale  A  Bona,  97  ;  Pirn- winding  Machtt», 
by  Wm.  Smith  k  Brother*,  104;  Pirn  e 
Weft-winding  Machine,  by  the  Aodervon 
Foundry  Company,  P'7 ;  Antifnct** 
Winder,  by  J.  A  W.  Whiteemith.  li*; 
Warp- winding  and  Weft-winding  Ma- 
chinea, by  C.  Parr 


ker  A  Sons,  111. 
305,  317. 


rby.36; 


Winding  Si 

Colliery.) 
Wire,  361.  (J»*»Tnbea.) 
Wire-rope*,  Machinery  for  mating,  by  A. 

Smith,  290. 
Wise.  F.,  Ramie"'*  Railway-! 

guardian  by,  364. 
Wood,  R.,  A  Bona,  r 

by,  308. 

Wood,  Machine*  for  Working  in,  211  : — Ma- 
chinea Exhibited  in  1851  br  Forneaa ;  tht 
Method  of  the  Former  and  Trae«-r  ;  Ba-i-t 
*aw*.  211;  Wood-working  Machines,  ii 
B.  Woraaam  A  Co.,  211 ;  Wood- workup 
Machine*,  by  Powis,  James,  A  Co.,  217, 
Wood- working  Machine*,  by  Thoasas 
Robinson  A  Son*,  220  ;  Wi»>.l- w  r k  - . 
Machine*,  by  Greenwood  A  Bailey,  221 , 
Sundry  Wood -working  Machines,  223; 
Foreign  Wood-working  Machine*.  253; 
Conclusion,  226.  {See  al-j  the—  kouV 
rttpeetietlf.) 
Wood,  Machinea  for  working  in.  Foreign.  225 : 
Band-saw  and    Traversing  Mortiwr; 


Machine,  br  Perin ;  Mortising  Machta*. 
Tenoning  Machine,  Circular-si 
bench,  Moulding  Machine, 
forming  Lasts  and  Wheel-spoke*, 


llernier  A  Arbey,  22\  t*f,; 
Steam  Band-saw,  br  Varrall,  KlweU.  t 
Ponlot,  226.  227 ;  fiand-aaw,  VrvUra, 
reciprocating  Saw,  and  Machine*  tor 
Moulding, for  Elan'ng,  and  for  1 
by  Zimmermann,  226. 
Woodcock  A  Lee.  Machine  for 

Cloth  br.  425. 
Wool,  Machinery  for  the  Preparation  and  Spin- 
ning of : — Statistic*  of  Wool,  71,  Shoddv, 
71  ;  Improvement*  effected  in  W  — 
manufscture  by  the  application  of  Ma- 
chinery, 71.  Introductory  Remark*  <* 
Preparing  Machinery;  Burring  Ms- 
chines,  by  Honget  A  Teat,  in,  1  < 
Calvin  A  Goddard.  by  Piatt  Brother* 
A  Co.,  72;  Teasing  Machine*,  bv 
Martin,  by  Merrier,  by  Apperley  A 
Co.,  73;    Carding  Engines,  pimiiraitj 

in'ermediate  t"ard  Vmb**'*  Feedl^'' 
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Finisher  Card,  and  Fairbairn's  Condenser, 
i  v  Piatt  Brother*  A  Co.,  73;  Diagonal 
Feeder,  by  Apperley  A  Co.  ;  Double, 
lattioe  Feeder,  by  Ferrabee  A  Co. ;  Card, 
ing  Kngines,  by  Merrier,  by  Houget  ft 
Tcston.oy  Martin,  by  Hartmann;  Double* 
dofler  Condensers,  by  Apperley,  by  Hou- 
Bet  A  Teston,  by  Martin,  by  Merrier,  74. 
Spinning  Machinery  :  —  Hand-mule,  by 
Merrier;  Self-acting  Mulea.  by  Mason, 
by  Flatt  Brother*  A  Co.,  74;  Thro»tle, 
and  Machine  for  "File  Feutre*,"  by  Mer- 
eier; Twisting  Machines;  Hosiery  Ma- 
chinery, by  Maclca  A  March ;  Conclusion, 
76. 

Wool,  Proee**e»  in  tlie  Manufacture  of,  71,72. 

Wool,  Btatiatica  of,  71. 

Woollen  Looms.   (Str  Looms,  Woollen.) 

Woolf-beam  Engine,  by  F.  A.  Kgells,  318. 

Worsdell,  T.,  Thirty  -cwt.  Portable  Steam 
Crane  by,  415  ;  Hydraulic  Jack*  and 
Tratersiug  Screw  Jack  by,  410;  Hydrau- 
lic Wire  Tester,  and  Hydraulic  Girder 
Tester  by,  410. 

Worsaam,  8.,  ft  Co.,  Wood-working  Machii.es 
by :— Portable  Deal  Frame,  211,  227; 
Hand- a..,  General  Joiner,  213.  220; 


INDEX. 

Roller  Planing  Machine,  213,  227 ;  Small 

Moulding  Machine.  214  ;  Mortising  Ma. 

chine,    214;    Double- tenoning  Machine, 

Cylindrical  Gouges,  215,  227. 
Worthington't  Direct-action  Duplex  Pump, 

by  Wellington  Lee,  388,  400,  402. 
Wren  A  Hoplcinson,  Silk  Machinery  by  : — 

Silk-winding  Machines,  Hi ;  Machines  for 

Silk  -  cleaning.    Silk  -  ailing,     8|  ' 
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mine,     Silk -ailing,  Spinning, 
Doubling,  Throwing,  82;  Machines  for 
:  or  Glossing,  Soft  or  Dyed  Silk- 


Stringing 
winding,  83. 
Throstle  for  Cotton  by,  83. 
Sewing-thread  Machines  by.— Machines 
for  Doubling,  Clearing,  Hank-winding, 
Balling  and  Spooling,  Pirn-winding,  83; 
Cubing  Press,  Bundling  Press,  84. 

Horizontal  Steam-engine  by,  305  ;  Moh- 
ler'a  Self-lubricating  Pedestal  by,  424. 
Wright,  K,  T.,  Diagonal-seam  Boiler  by,  32 1. 
Wright,  J.,  *  Sons,  First-class  Carriage  by,  28. 
Wright,  P..  Double-diac  Wheel  by,  30. 
Wright,  T.,  Cast-iron  Permanent  Way  by, 
36. 

Wright,  Mould-makiog  Machine  for  producing 

Printing  Surfaces,  295. 
Wringing 


Wylie.  Allan  C.  C 
130,  202,  210. 


Y. 


ft 

7,8. 


Yabx-xxbl,  Self-acting  Flax,  by  8 
^    Som^B.^  ^ 

Yarrow  A  HUditch, 
by,  337. 

Yates,  Bristle-assorting  Machine  by,  20U. 
Yollmid,  Major,  on  Carriage-break's,  33. 
Young.  J.  A  T.,  Vertical  Saw-frame  by,  221. 
Young's  Patent  Type-composing  and  DittrU 
r,  — jo. 


Z.vnxtrx ,  Multitubular  Boiler  by,  32« . 

Zanni  A  Co.,  Self-basting  Meat  screen,  21*8. 

Zimmerman n  N  •  it  ting  Machines  by,  Tube- 
cutting  Machines  by,  2«5  ;  Wood-work- 
ing Machines  by: — Band-saw,  Vertical 
Heciprocating  Saw,  Moulding  Machine, 
Planing   Machine.  Mortising  Machine, 
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This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below.  ...  A 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 
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